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Executive Summary

Under the U.SChina Power Consumption, Demand and Competition Cooperation (the

ACooperationo), the United Stat esmeaonkdan€hi na a
policies to foster a competitive, transparent and sustainable electric power system in China. Both
countries are cooperating to identify solutio

comprehensive power sector reforms through pilot projectsres topics:

1. Promoting electric power market competition and direct power trading in Guangdong:
To help formulate market rules, policies, and oversight mechasigpporting overall power
sector improvementvhile promoting incorporation of clean energgaurces in the market.

2. Increasing the local consumption and reducing curtailment of renewable energy in
Jilin:  To reduce provincial wind curtailment through measures focused on making the
provinceds el ectricity andmddaewind gegerasoa.ct or s n

3. Enhancing demand response (DR) and promoting demanside resources in Jiangsu
and Shanghai: To develop an enabling policy framework and market mechanisms that
encourage and expand DR participation for industrial, commercial, and residential customers
and to design electricity markets that can elicit value from DR.

Launched in 2016, the Coagp¢ion has held study tours to both countries and discussed
preliminary recommendations. It culminates in joint development of this report on policy
recommendations to improve the pilots and guide replication across provinces.

The policy recommendatioisor Chi nadés pil ots support the
competitive electric power market could enable participation of diverse players and energy
resources in Chinabs power system; make its g

totallong-run costs; and improve air quality and reduce greenhouse gas (GHG) emissions.

Care should be takenteconciet he obj ecti ves of Chinads brc
environmental reforms with its electricity secteforms to better assure they not opeedtcross
purposesand to provide the best chance of success in realizing the physical and economic
efficiency gains of competition in the electricity sector

The attached summary highlights key neard longterm recommendations by pilot.
Looking across the recommendations, four common themes emerge:

1. Institutionalizing economic dispatch and creating spot markets to promote
efficiency and competiton: Spot mar kets can help achieve the
sector restructuring, by ugirmarket forces to improve economic efficiency. A vekdbigned

spot market will minimize total operating costs by enabling economic dispatch, where resources

are dispatched according to their marginal cost. U.S. experience illustrates that spot market

design is complex and challenging. In view of the challenges, including the difficulties of

ensuring adequate competition, a measured approach to spot market design is warranted. This
measured approach could include economic dispatch based on reguliatiyduposts reported

by generators, with weppublicized, consistently applied methods and a single market clearing

price, as a transitional step towards competition. This approach could also set the foundation for
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day-ahead and intrday bidding, helpindpabituate Chinese regulators, system operators, and
market players to economic dispatoiarketoperationsand rulesand participationn markets
more generally

Market monitoring and market power mitigation protections should be addressed at the
market design stage and not as an afterthought. An important step in designing effective market
monitoring and mitigation is a deeper understanding of generator cost¢stabtishment of a
register and reporting mechanism for those costs, in which the methodology is consistent across
companies. Enlarging the market footprint to create a regional market can increase operational
efficiency and power system flexibility aman build on existing institutions (e.g., regional grid
companies) and mechanisms (e.g., the Northeast ancillary service market). Finally, limiting the
size of transition payments to retirisgrplusgeneration units over a walkefined period can
avoid polonged operation of inefficient generators and increase cost savings for consumers.

2. Enhancing DR to increase efficiency and flexibility As a coseffective alternative to
generation, transmission, and distribution resources, DR has significantigioto improve
reliability and f 1l exi bi lowetingthacostof@leadtricitgllys power
reducing peak demand, providing reserve capa@tycingrenewablesnergycurtailment, and

i mproving mar ket ef fsdalein @hina sp far canlbRtbasedtothradb i | i t y

primary factors: 1) the lack of funding and incentive mechanisms for encouraging and sustaining
DR patrticipation, 2) the lack of market mechanisms to monetize and scale DR, and 3) the lack of
viable business nuels for DR service providers. In the United States, strategies for encouraging
and sustaining DR participation include: stable, -ebf&ctive, ratepayefunded mechanisms to
recover DRrelated costs; compensation schemes for DR servigedied with negssary

penaltes and timevarying tariffs to trigger demanidad modification. These strategies could

help China scale DR. Moreover, U.S. experience offers a progression by which DR could be
monetized and scaled in China, perhaps beginning with grid congracurement of DR from

DR service providers through bilateral agreements or auctions, later augmented by DR
participation in electricity markets. Finally, with viable business mo@#saggregators could
expand the scope of their services, such aagakie responsibilities for the administration and
acquisition of DR resources and providing integrdbehefits stacking$ervices to meet the

needs of distribution companies and grid operators.

3. Integrating renewable energy into electricity markets tdower costs: In the context

of dramatic drops in installed costs for wind and solar generation, policy changée and
integraton of renewable generation into electricity markets can transition to a more competitive
framework, with lower prices, morefeient use of renewable generation, and diverse market
participants. This transition could be achievedtigngthening thamplemenaton of existing
renewable energy poliand introducing competitive procurement and contracts. -tésiigned
spot marlkts can help ensure that renewable generation is efficiently integrated and operated.

4. Supporting retail pricing reforms and markets to align with policy goals: Effective

retail pricing can align customer behavior with provincial and national objectvesf Chi na 6 s
power sector. In the near term, new designs for regulated retail tariffs, such as seasanfal time
use pricing, can enhance demasnde flexibility and align electricity consumption with periods

of low system costs. In the longer term, moreatyic or even redime tariffs could enable
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more responsive demand, because they better refle¢ctmeapower system conditions. For
competitive retail markets, timely and accurate standardized information disclosure and effective
retail regulation wilhelp consumers make rational electricity use decisions.
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Summary of Recommendations

L. Promoting Electric Power Market Competition and Direct Power Trading
The Guangdong pilot seeks to formulate market rules, policies and oversight mechanisms, while
promoting the incorporation of clean energy resousiesh) asenewables and demasdle
resources, in the restructured market system. This paper offers recdatioes for this pilot in
three specific topic areas based on U.S. expe
retail market development, andr8gasures téacilitate greater participation of renewable
energy resources in the market.

1. Wholesalen Spot Mar ket o FDeveluopmerets of this pape
mar ket 6 refers to a package etfi nmeadr kneatr kneetc hwahniic
features clearing prices for each intlay time period (which in the United States are setdas
on time intervals of fifteen minutes or less). This package also includesahndagt markean
which supply and demanid scheduled to meet expected demand the following day on a least
cost basisas well as mechanisms to rationally compensate provigiancillary services.

1 Establish spot marketwith merit order dispatch based initially on reported operating cost
basis (Recommendation 1)

A Market design is the process of determining the optimal combination of explicit
regulation and market mechanistagninimize economic inefficiencies. A well
designed spot market will minimize operating costs by enabling a merit order approach to
di spatching power according to resources?o

A Two possibleapproaches to establishing merit order dispatehspot markenclude:1)
a structure for bidding in generator reported costs, and 2) a structure based-oumnshort
bids by generators and other resources. A single market clearing price can be used with
both approaches. With a single market cleapinge, all suppliers receive, and all loads
pay, the market clearing price.

- In a generator reported cost bid structure, the system operator uses estimates of the
shortrun variable operating cost of each generation unit to construct a merit order
and ®t the marketlearing price, which is typically equal to the operating cost of the
highest cost generation unit necessary to meet demand. These cost estimates are
subject to confirmation or audit.

- A generator shontun bid structure uses bids to buy aférs to sell electricity,
resulting in competition that induces each generator to reveal its operating cost to
construct a merit order and set the maudtearing price, which is equal to the highest
cost generation unit necessary to meet demand.

- Thechoice between a generator reported cost bid structure versus a generator short
run bid structure wil/| hi nge on relative
other things, to reveal accurate operating costs, maintain the independence of the
marketand system operator, and enforce a rigorous system of market monitoring and
market power mitigation.
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Establish an institutional framework protective against interference with merit order

Spot market design is complex and challenging, given the difficulties of ensuring
adequate competition. A measured approach is warranted, such as.follow

In the near term, implement a generator reportedhdsitructure because it would
sidestep the need for robust competition, which U.S. experience with spot markets
indicates can be difficult to ensure. It would set up the foundational elementsyredat
operating costeporting, pricing for inputs and at output locations, and market monitoring

and market power mitigation needed for both approaches. As such, it serves as an initial,

transitional step before moving to a generator shortbid struatre in the long term.

Assessment of operating costs in an administrative process under a generator reported

costbid structure, with welpublicized and consistently applied methods, will help
habituate regulators, system operators, and market playérs merit order dispatch

approach. This will increase the likelihood of success of a later adopted generator short
run bid structure.

dispatch (Recommendation 2)

A

In the United Stateshélegal and regulatory frameworks to ensure that dispatch
decisions are focused on efficient and leastt outcomes hawvolved aroundhree

broad models: 1) independent system operator that does not own generation or

transmissiorassets, 2) system operator within a vertically integrated company that owns
generation and transmission assets, and 3) system operator within a grid company that
does not own generation asdets owns transmission assets

Whichever model is chosetie key toensuringeconomic dispatcts throughmarket
rulesthat requirel) rules and transparency aroutidpatch decisions, and @peration

oft he transmission system in an fAopeno
wants to use jienabling longterm competition of resources and rationally disciplined
resource entry and exit decisions

and

In the near term, new regulations could be established to foster efficient operations and
support competition by requiring publication of market and dispatch procedure$ and

detailed information about system conditions on a monthly, daily, hourly, aexchii

basis (e.qg., clearing prices, congestioalispatch, load and wind/solar forecasts,
transmission outages, and ancillary services requirements). Publication of market data
and system conditions can be aggregated to protect confidential information.

Transparency in market and dispatch procedures and system conditions allows market

participants to develop an accurate view of conditions and develop effective
strategies. Such transparency also supports effective regulation.
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1 Establish a transitioral strategyto market pricedy limiting transition payments to retiring
generation capacitynd facilitating measured retirement of excegsnerationcapacity
(Recommendation 3)

A Given a context of substantial excess generation capacity,-desidjned wholsale
market will send signals to close down generation capacity, particularly generators with
higher operating cost (i.e., relatively inefficient generators). The challenge is to ensure
market signals lead to smooth retirement of unneeded capacity.

A Somenear and longterm recommendations for a transition strategy are as follows:

- Limit out-of-market payments to reduce incentives for ongoing overbuilding of
capacity and avoid unnecessary interference with market signals in support of
repeated Chinese gernment warnings to generation companies against investment
in excess capacity.

- Limit the size of transition payments that are offered to existing, regsogssinits
to a short, welldefined transition period, in order to avoid prolonged operation of
inefficient capacity and to incentivize market exit of inefficient generators when
appropriate.

- Use longterm regional planning and resource adequacy assessments as the reasoned
basis for determining which resources are necessary for reliability intordeike
both temporary measures for these resources and market design adjustments.

91 Developarigorous framework for market monitoring, market power mitigation and
enforcement (Recommendation 4)
A To build effective protections, it is importantforChina centr al gover nmen
market monitoring and market power mitigation at an early stage, when provinces are
working on market design, rather than as an afterthought.

A An important step in designing effective market monitoring and mitigation is a deeper
understanding of generator costs and establishment of a register and reporting mechanism
for those costs in which the methodology is consistent across companies.

A The rearterm generator reported cdstl structure can serve as the foundation for a
market monitoring, market power mitigation and enforcement structure that will support
the longefterm implementation of a generator sham bid structure. The information
collected under the generator reported tmdtstructure to estimate operating cost should
be pursuant to books and records maintained in accord with a consistent set of accounting
rules (e.g., FERCO6s Uniform System of Acco

A This information wouldsimilarly be collected to support monitoring and enforcement

under a generator shaun bid structure. For instance, if Guangdong decides to
implement a generator reported ebgt structure in the near term, we recommend
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creating a database of referelwosts by generator to enable surveys and verification of
cost data. This will better ensure that the -cagiorting mechanisms can evolve into a
robust market monitoring and enforcement structure for a generatoirshduid

structure.

A If Guangdong booses to implement a generator stort bid structure for its spot
market in the neaterm, it should not be implemented until a robust and effective market
monitoring enforcement structure is in place, given the susceptibility of shrokid
structures to market powebecause electricity supply and demand must be matched on a
secondby-second basis. Otherwise, generators with market power can engage in
behavior detrimental to consumers and to efficient system operation (e.g., withholding
capacity) beause they are not properly incentivized to reveal accurate operating and
opportunity costs.

A For eventual implementation of a generator shamtbid structure, we recommend
establishing tests for market power and codifying mitigation responses. Téisse te
should includel) the potential of a generator to exercise market power based on analysis
of competitiveness and grid constraints,
concentration in a market, and 3) the extent a generator has actually subidgtied
excess of its own true operating costs by a significant margin. Additional requirements
should includel) imposing mitigation and penalties in a transparent fashion, and 2)
establishing independent market monitors to promote transparency byngpo
overall market functioning.

1 Enlarge market footprint to create a regional markefith integrated multiprovince
economic dispatch (Recommendation 5)

A If well-designed, larger market footprints will increase operational efficiency and power
system flexibility by significantly reducing the variability of renewables through access
to greater diversity of generation and loads and larger pools of reserves.

A We recommend moving towafdlly integrated multiprovincial economic dispatch
This cantake the form of reserve sharing between provincial balancing areas (BAS)
before progressing to coordinated scheduloogrdinated operations of an energy
imbalance market (EIM)and eventuallya fully integrated market.

- Reserve sharingnvolves two or more BAs collectively maintainirajlocating and
supplying the reserves required for each BA.

- Coordinated schedulingnvolves establishment of 1) an information exchange
system for generator availability and cost, 2) a monitoring system and financial
compensation mechanisms for energy exchanges and transmission usage, and 3)
transmission availability calculation on ayeahead or shottierm dispatch basis.

- InanEIM, an individual BA or market operator is responsible for implementing a
reattime security constrained dispatch of energgntmulate or reducenbalances of
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load and generation across multiple BAs, whilgividual BAs retain residual
reliability functions (e.g., regulation services).

- Pricing and contractual reforms will also need to be considered to address the
financial impacts on generators from such a change in dispatch procedures.

A In the long termwe recommendreation of a fully integrated regional spot market in
the Southern Grid footprint

1 Design ancillary services based on system reliability and stability requirements
(Recommendation 6)

A Pricing for energy and ancillary services (A/S) shdaddinbundled to minimize
averaging of costs (e.g., for congestion, reserves, or other, @stsjeraginépilsto
send correct price signals for the supply of specific services. Otherwise, the system
operator has no ability to shop for the lowest cd& products to meet performance
requirements, resulting in higher overall system operation cost and risk for reliability
violations.

A A/S markets should be resource neutral and be compensated for performance, enabling
all supply and demandide resource® compete on a level playing field as long as they
can provide reliability services under required parameters.

A In the near term, we recommend initiation of a process based on system reliability studies
to identify needed ancillary services which shdutdadministratively priced on an
unbundled basis based on cost.

A In the mid to longterm, we recommend that A/S mechanisms for each service be
established and that all suppnd demandide resources be allowed to compete in an
A/S market basedontmee sour ced6s reliability contribut

2. Retail Market Development U. S. best practice suggests tI
should be designed according to principles of fairness, economic efficiency and sustainability.

T Encour age A s mhbernewoconpetitive rietailgnarkenh(Recommendation 7)

A Customers should be influenced to behave in ways that help meet provincial and national
objectives for Chinabds electric power sect
build upon Guafmsgmarntgd sp reixdisng npgol i ci es as f

Aln the near term, mai ntain Adifferential p
endusers be subject to this pricing based on their energy consumption classification,
even as they acquire access to competetail offerings.

A In the long term, foster more flexible and dynamic-teak pricing, such as retailer
access to redlme spot market prices, minimum performance requirements and technical
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specifications for advanced metering infrastructure aedticrg wholesale market
mechanisms that value and reward flexibility in demand.

A Retail competition should be carefully managed with the transition to gwnetioning
national carbon emissions pricing scheme. The challenge is to better assure thie oppos
pricing trends from both these initiativedownward pressure in the former and upward
pressure in the lattérdo not work at crospurposes. Strengthening the differences in
the pricing policies could help reconcile these trends.

1 Promote retailmarket transparency by developing standardized procedures for
information disclosure (Recommendation 8)

A Consumers cannot make rational purchasing decisions without access to timely and
accurate information about products and services. Some U.S. statexlbated
information disclosure rules with which all suppliers must comply. This approach is
helpful to bringing transparency and comparability to the range of available retail options
in the market.

A In the near term, consider adopting a standardiedat for information disclosure (e.g.,
on contract terms, pricing, emissions content) for retailers and suppliers.

A In the longer term, consider implementing a regulatory structure to oversee and test the
veracity of retairlnaenddmiaddirtmataofonr @thaioluegrhs
as compared to their actual resource portfolios (both owned and purchased). This could
be integrated with Chinabés fAgreen certific
renewable energy content should be neglito show acquisition of corresponding
renewable energy credits.

3. Facilitating Greater Participation of Renewable Energy Resources in the Market
U.S. policydriven approaches have supported renewable energy participation in electricity
markets.

91 Desgn an effective renewable portfolio standard, supported by green certification
(Recommendation 9)

A Chinads provincial renewabl e portfolio sta
used as a tracking and auditing mechanism for meeting the releesveergy targets but
details on implementation could be better clarified.

A In the United States, RPS is implemented as a requirement esdpandg entities
(including retail electric suppliers), typically backed with some form of penalties fer non
performance, and is accompanied by a tradable green certificates (known as RECs;
renewable energy credits) program to facilitate compliance.

A Based on U.S experience with RPS, we recommend a clear point of RPS implementation,
namely by placing the procurenmasbligation on loaeserving entities (including retailers
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and large endisers) and imposing strict penalties for ftmmpliance to ensure the
effectiveness of RPS.

A A central authority with the capacity to handle tracking and certification, as well as a
well-developed contractual framework, should be established. As a province with high
electricity demand and relatively low utiligcale solar and onshore wind potential,
Guangdong has the potential to meet high RPS goals through purchasufigpoatince
renewable energy or RECs.

A In the long term, we recommend coordinating the RPS with an improved resource
planning process such that the RPS could become more stringent as costs fall and could
be key to lowering renewable subsidies.

1 Enable corporate ppcurement of renewable energy through options which customers may
shop to meet business needs (Recommendation 10)

A In the United States, corporate end users have driven a substantial amount of new
renewable energy development to hedge against elecpiaity volatility and
demonstrate corporate sustainability commitments.

A Corporate consumers could be afforded a range of options by which to procure renewable
energy in China to enable them to shop for and choose the option that best meets their
business eeds.

A These options include distributed generation, the newly launched green certificate
mechanism and a utility green tariff with verifiable green energy tracking at a reported
costbased price.

A We also recommend renewable generators, includingfeprtovince resources, be
encouraged to participate in the meditoiong-term market to create additional
pressure to support interprovincial trade.

A In the mediurto-long-term, enable corporate casters to enter into power purchase
agreements, structured as contract for differences, with renewable generators or third
parties procuring renewable energy.

A Finally, the development of integrated wholesale markets will enable renewable energy
projectsto be developed where it is most economic to do so, even across provinces.

Il. Increasing the LocalConsumption of Renewable Energy
The Jilin pilot seeks to reduce provincial wind curtailment through a series of measures focused
on maki ng t leacticitp and heatingsecidrs moege flexible to accommodate wind
generation. This paper offers recommendations for this pilot in three specific topic areas based
on U.S. experience: 1) business models for electric heating and flexible loads, 2}lragrtiet
policy supportecpproacheso renewable energy developmeand 3) heating sector reform and
coordination.
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1. Business Models for Electric Heating and Flexible Loads
1 Investigate new designs for retail electricity tariffs that create business modelsléatric
heating and other flexible electric loads (Recommendation 1)

A Shifting electric loads to better match the timing of wind generation can reduce wind
curtailment. Without incentives, customers are unlikely to invest in technologies that
enable this greater flexibility and responsiveness in electricity demand. Néwaréta
designs can help to provide incentives, by creating business models for new technology
manufacturers and retail customers, and encourage more conventional demand response.

A Jilin currently has traditional epeak and ofpeak pricing for indusial customers and
residential electric heating in single family homes. Building on these tariffs, we
recommend that Jilin explore expanded access and new designs for retail tariffs, in order
to create business models for investments in deramiedflexiblity.

A In the near term, three incremental steps to increase desitntlexibility through
changes in regulated retail tariffs are: 1) expanding-tfagse (TOU) pricing to all
residential and small commercial customers, initially on anropasis; 2 exploring
seasonal TOU pricing that better aligns with periods of high wind curtailment, in addition
to peak generation capacity needs; and 3) coupling retail tariff reforms with identification
and encouragement of flexible load technologies, such etsieleeating and cooling.

A In the longer term, more significant changes can be taken to encourage dgteand
flexibility: 1) more closely linking regulated retail pricing to spot market prices, to better
match pricing with grid conditions in view of chexiges of fixing a TOU tariff reflecting
the changing pattern of net load with sufficient accuracy and time period; 2) shifting
toward prices that encourage efficient use of transmission and distribution systems; and
3) encouraging development of diffet&inds of demand response and energy storage
technologies that enable greater load flexibility.

1 Enable larger electric heating loads and CHP plants to participate in spot markets
(Recommendation 2)

A The inflexibility of combined heat and power (CHP) iathat supply heat in the winter
is an important driver of wind curtailment in Jilin. Heat storage can increase CHP plant
flexibility, but investments in heat storage require a sustainable business model.

A In Jilin, the Northeast regional ancillary sems (A/S) market and State Gidganized
regional spot market for renewable energy are currently the two markets that could
generate shoun wholesale market prices. We recommend that Jilin advocate enabling
electric boilers, heat pumps, and combinedtrand power (CHP) plants in the district
heating system to participate in these existing markets and in future spot markets.

- Spot market prices can encourage CHP plants to efficiently adjust electric output in

response to electricity system conditioasg can encourage efficient investments in
heat storage, electric boilers, and electric heat pumps for balancing.
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- In Jilin, electric boilers that are supplying heat to the district heating network are
currently required to buy electricity at retadther than wholesale, prices. Relative to
revenues from selling heat, these retail prices are currently too high for electric
boilers to recover their costs.

- At current heat prices, the most economic use of electric boilers and heat pumps is in
reducng wind and solar curtailment during a limited number of hours per year. The
size and number of electric boilers and heat pumps that will beeffestive for
balancing wind and solar generation will be relatively small.

A In the near term, twimcremental steps include: 1) the central government sraate
regulatory frameworld similar to the existing framework for electricity storagethat
enables generataide electric boilers and heat pumps to participate in the Northeast A/S
market; and 2) Jilin agencies engage with CHP plant owners to help vaémte
investment and operational strategies in the Northeast A/S market and future electricity
markets, including the cosffectiveness of heat storage and electric boiler investments
and the economics of reducing minimum generation levels for CHP units

A In the longer term, we recommend that evolving market designs enable dsigend
participation, and consider the market rules needed to encourage flexible operations by
CHP plants. Rules that facilitate demeside participation in electricity marketsll also
enable demand response more broadly.

2. Market-Based Policy-Supported Approachesto Renewable Energy Development
Encourage more efficient use of renewable energy and sharing of renewable energy costs
by strengthening themplemenation of C h i n =ishirg) systenof renewable

accommodation goaland supporting the recently announced credit system for renewable
energy (Recommendation 4)

A We recommend buil di ng o hpro@Gitcialpnasbisdingg x i st i ng
targets for norhydro renewable emgy and the recently developed framework for green
certificates-t o expl ore options for maonadrifi(§IT)bey ond
as the main driver of renewable energy development.

A In the near term, explore options for transitioning fromTats amandatory quantity
based support mechanism for renewable energy with strict enforcement

- The setting of provincial quotas could consider options for encouraging renewable
resource poor provinces to procure at least some of their quota from renewable
resource rich provinces.

A Collaborate with the central government to develop a voluntary ii@rkenewable
energy, identifying corporate champions to help expand and support the market.
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A Both the mandatory quantityased support mechanism with strict enforcement and
voluntary markets would use competitive procurement and contracts as a dtvategy
reducing renewable energy costs and making more efficient use of renewable energy.

A Inthelonget er m, har moni ze support policies for
emerging emissions trading scheme. At higher penetrations of wind andeswdaation,
emissions pricing may be a more efficient approach to supporting renewable energy.

1 Develop a regional spot market that creates incentives for efficient use of wind energy
(Recommendation 5)

A Improved regional coordination among system operatifess high potential for
reducing costs of integrating higher penetrations of wind and solar generation. In the
United States, regional spot markets have enabled states with relatively small electricity
systems to achieve larger penetrations of wind iggio@. Wind curtailment in U.S.
independent system operator/regional transmission opelfa@RTO markets is 5% or
less of total potential wind generation.

A For norISO/RTO regions, regional markets are also emerging in order to benefit from
regionalbalancing of wind and solar generation (e.g., the Western EIM and Southwest
Power Pool (SPP)).

A In the near term, incremental steps to expand the volume and transparency of trading in
the Northeast A/S market include: 1) formalizing market institutionmublicly available
Apractical manual 0 documents that describe
making data on market results publicly available; and 3) increasing the output range over
which coal generators bid into the market to reduce output

A In the long term, we recommend transitioning the Northeast regional ancillary services
market and the State Gratganized renewable generation spot market trades into a
single regional spot market designed in accord with the principles set forth in the
Guangdong pilot recommendations.

- The Northeast regional ancillary services market is more akin to an imbalanee or re
dispatch market, like the Western EIM in the United States, than what is commonly
considered an ancillary services market in the Uriitiedes.

- The State Grigbrganized regional renewable spot market more closely resembles the
Southwest Power Pool in the United States in its better integration of higher
penetrations of wind generation.

Institutionalize renewable resource artdansmission planning tools and processes that
enable efficient expansion of renewable energy and transmission systems
(Recommendation 6)

A In China and the United States, the highest quality renewable resources are often located
far from load centers. Thrrelation between resource quality and distance from load
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centers creates economic tradeoffs. Findingdeast solutions to these tradeoffs
requiresinnovations in planning, and particularly in regional transmission planning.

A In the near term, consider incorporating and institutionalizing economic modeling into
transmission planning through the use of dmtefit assessments for transmission lines.
Using economic optimization models to assess the value of transmission liress wi
consistent with wholesale market outcomes.

A In the longer term, consider adopting more formal regional transmission planning
processes and harmonizing these with the development of regional spot markets to strike
better balance between developmaigher and lower quality renewable resources and
the transmission investments needed to deliver them.

- Harmonization implies fewer barriers to power exchange across provinces.

- Economic analysis in transmission planning, regional scope for plaramddower
barriers to exchange between provinces and regions will favor more efficient use of
the existing transmission network, a more optimal balance between lower and higher
voltage transmission expansion, and netwtorketwork rather than poifib-point
transmission.

3. Heating Sector Reform and Coordination

1 Implement a heat tariff reform pilot for new residential buildings (Recommendation 3)

A Shifting to consumptiofbased, costeflective tariffs for space heatimg Jilin could ease
wind curtailment chllenges by reducinigicentives to oveconsumeheat andy creating
business models for alternative (r&tieam) technologies.

A In the near term, Jilin could pilot heat tariffs and heat metering in new buildings, with
different options for metering (e.dpuilding or individual apartment), thermostat control,
and pricing (e.g., cost allocation factors, tpart prices) to gauge effectiveness,
feasibility, and customer acceptance.

- As part of these efforts, we recommend exploring technologies and tariff options for
nontsteam heating options (e.g., electric heat pumps, ground source heat pumps,
electric hydronic heating, ground source heat pumps) in new buildings.

A In the longer termtransition to consumptiebased, costeflective heat tariffs for all
customer s, consistent with the Jilin gover

1 Develop a longterm, crosssector energy planning process to coordinate across different
government agencies and sectors (Reeoendation 7)

A In the United States, where states have significant jurisdiction over energy policy and
regulation, growing interlinkages between traditionally siloed energy sectors are
encouraging the development of statewide, ragency planningrocesses. These long
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term planning processes provide a forum for different state agencies to develop a shared
vision of the future, and coordinate policy.

A The different Jilin agencies responsible for electricity, building energy, transportation
energy, & quality, and water resources could develop an interagencytéonmgplanning
process to: 1) develop a shared understanding of environmental goals, policies, and
regulations, and 2) create consensus around technology pathways, costs and cost
allocation,and strategies for interagency policy coordination.

Il Enhancing Demand Response and Promoting Demartide Resources
The Shanghai and Jiangsu pilots aim to develop an enabling policy framework and market
system to adopt and expand DR programs for industoatmercial, and residential customers
and to facilitate reform of electricity marketization to elicit value from these programs. This
paper offers recommendations for these pilots in three specific topic areas based on U.S.
experience: 1) enhancing DRlwe, 2) sustaining and stimulating greater DR patrticipation, 3)
markets and policies for scaling DR development.

1. Enhancing DR Value

1 Integrate DR into power system dispatch procedures (Recommendation 1)

A The value of DR as a dispatchable resource has nofbeen| y r ecogni zed
dispatch procedureChi naés grid operators should ¢
resources into their operations protocol

A Each U.S. bulk power system operai®O/RTO) has some form of a reliabilibased
DR program and clear protocols for dispatching DR under certain operating conditions.
Chinads gr i d sebfprin cleatyaefirsed crditiand udder which capacity or
emergencybased DR is dispatchéd ensure DR is more efficiently utilized.

1 Maximize DR potential by tapping opportunities beyond peak load reduction
(Recommendation 2)

A The current focus of DR programs-based Chi naé

peak load reduction, but DR provides value beyond peak load reduttiBrd s v al ue
be maximized if full advant agetimetesany ak en
imbalance on the grid. Such rdahe response, however, requires adoption of smart
metering, signal communication, and load control technologies.

A In the United State®R is usedo respond to reliability concerns, to reduce exposure to
high market pces, and to play a significant role in integrating renewable energy to the
power grid and reduce renewable curtailment.

A In the near term, consider pursuing DR valuation and potential studies to better

understand the diversified roles that DR can plagninancing the reliability and
flexibility of grid operations.
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A In the long term, consider developing the necessary institutional frameworks to support
use ofadvanced DRenabledechnologieswWe recommend China improve open
communication protocols and tewlogy standards for achieving seamless
communication and automation.

Create roles and business opportunities for load aggregators to deliver greater DR
potential (Recommendation 3)

A The focus of load aggregators in China on deploying load sensors and providimsgend
customer advisory services has not led to a profitable business model that scales DR.

A In the United State)R aggregators pool DR resources across a large number of
customers and coordinate these resources to ensure a specified level of energy and/or
capacity is always available to a utility or grid operator.

A A g gr e gvaltecomessdronimprovingcustomer participation b§l) assuming
cust omer s 06 pg2)praviding aesoaree adequack and load flexibility to
utilities and grid operatorsind (3)providing integrated "benefits stacking" services to
customers that bundle DR, energy efficiency, distributed generation, and/or energy
storage.

A In the neaterm, China's DR pilots should consider the following:

- Leverage the large amount of power use data collect&Rxyggregatorso help
themdetermine dispatchable load and load that has fast response capability;

- Encourage DR aggregators to create morerdified service offerings and extend
services beyond customer energy efficiency advisory serviaotdinating and
bundling DR and energy efficiency in order to better serve the needs of power
systems.

As the role of DR aggregatexpands, regulators and system operatbosild
continue toexamine power system needs holisticallyiaximizethe benefits of
DR without causing unintended reductiongha control and coordination of the
transmission system dlistribution system.

A In the longer term, China's DR pilots should consider the following:

- DRaggregatorsé6é business models could be e
behindthemeter storage, and distributed generation;

- With higher penetrations ©®ORagemegvatbd res & nie
fast response DR to provide ancillary service support will become increasingly
important;

- Develop automated load response (autoDR) infrastructure ariddbBgement
Systens, which is critical for deploying fast DR resources, to improve DR efficiency
and minimize performance risk.
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2. Sustaining and Stimulating Greater DR Participation

I Promote moreeffectivetariffs to increase customer response (Recommendation 4)
A Chi nads DR depigntardfstemome effedtively strengthen timarying prices
and create stronger price signals for inducgtgil customer response.

A In the United Stateime-based tariff programs encourage demand responsiveness to
systemconditions by usingtime i f f er ent i ated retail rates t
consumption pattern.

A China should consider takifigur incremental stefgs expand DR through retail tariffs
including:

- Focus initially on industrial and larg@mmercial customers in reforming retail tariffs
to make them more flexible to grid conditions;

- Createeventbased Critical Peak Pricirapd set iat substantially higher rates than
regular orpeak TOU prices to better reflebie value of load managemeturing
critical peaks.

- Gradually expandransitionTOU pricing to more customer groups, like residential
and small commercial customers, which enerentlyonly on a volumetric uséased
tiered price structure without timearying tariffs.

- Giventha changingelectricity pricesis less flexiblein China, povide customers
choice on price protection, as a temporary measure to ease transition onto a new
tariff, or rate discounts, for vulnerable populations who are adversely affected by
volatile bills,when exposed to higpriced events.

A In the longer term, more significant changes to retail tariffs could be considered:

- Adopt more dynamic pricing schemes such as variable peak pridegjgn greater
seasonal and hourly differentiation in TOU prite$oster demand elastigijt

- Explore more innovative tariff ssideuctures
resources.

1 Establish stable cost recovery and funding mechanisms to promote DR as a resource
(Recommendation 5)
A In China,DR recovery mechanisms have ryet been establishedSuch a mechanism
would allow utilities to recover the costs, including administrative costs, equipment costs,
and customer incentives.

A Energy efficiency (EE) and DR cost recovery mechanisms are intémadeake the
utility fAwholedo for expenses related to de

ES17



Statesutility program costs are usually recovered from all customers through retail rates
or as an explicit surcharge on electricity bills, called a systems benefit charge (SBC).
Wholesale market program costs generally are paid for by market participants and
beneficiaies.

A In the near term, we recommend the following prioritized actions for establishing DR
cost recovery and funding mechanisms:

- Provide specific central government guidelines on god/companies cammclude
demandsideexpenditures that are deemedteeffective,in their allowed cost of
providing reliable electricity services.

- Ji angs uoisonaexamnple aherkaharges the largest industrial customers a
special peak price during certain peak events that is higher than the ordinary TOU
peakrate and uses the revenue from the spread to compensate smaller customers who
curtail power usage during critical peaks. This approach may be optimized as follows
to create more stable fundibg (1) increasinghe number of participants subject to
the sgcial peak price; an(®) exploringa marketdriven compensation scheme that
enables customers to trade their reduced load to those customers that need to keep
their load intact.

A Longerterm interventions could include the following:

- Leveraging the transmission and distribution (T&D) pricing reform in China to allow
utilities to recover cosgffective investments in distributed energy resources (DERS),
including DR, in their T&D cost base;

- Considering creation of ratepaysupportedunding mechanism for DR through a
tariff add-on. Ratepayer funding applicable to all ratepayers helps create stable and
consistent funding levels that support a robust DR maRetepayer funding follows
the principle that all users of power benefit from DR that helps to redaae=ed for
peaker units and/or using fuels at prohibitively high giodile improving overall
system efficiency

1 Stimulate DR throughstructuredcompersation incentives (Recommendation 6)

A The China DR pilots offer incentives for actual load reduction, without fixed payments
to reward customers fadvanced pledges to adjust load.

A U.S. compensation incentives seek to elicit effecfivedictableeponses. Our
recommendations to make the compensation schemes of the DR pilots more effective
consist of the following in the near term:

- Create a more flexible voluntary load reduction compensation programs such as
demand bidding and scheduled reduttio better accommodate customer needs.
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- Create opportunities for customers to receive fixed payments for making advance
commitments to load reduction. When obligations are made ahead of DR events, the
response is predictable and performance cajubeanteed.

- Replacaheuniversal compensation strategy with more effective options that offer
different levels of compensation based on factors such as length of advanced
notification, number of called events, and locations of system congestion.

A Establish a DR performance assurance systgmcompliance rulethat haveeffective
penalties in place.

A In the longer term, a more effective scheme may be established that combines stimulating
tariffs and effective compensation to offset the unfaverabhpacts of standlone
compensation programs.

- Relying on multiple options rather than a
reliable energy resource in balancing supply and demand because using compensation
options in conjunction with more effectivetail rates could help ensure customer
response.

3. Markets and Policies for Scaling DR Development
1 Enable DR to be monetized through power markets (Recommendation 7)

A The United States has established the following market structures to enable participation
of DR resources and the monetization of DR services:

- bilateral agreement®etween DR service providers, like load aggregators, and
vertically integrated utilitiesn regulated environments,

- DR auctionsto enable utilities to acquire DR competitively from DR service
providers in order to assist utilities with meeting resource adequacy requirements, and

- bidding DR resources into an ISO/RT@holesale market, whereeaxists.

A Someneat er m recommendati ons on how Chinabés DF
market mechanisms to scale DR are as follows:

- Encourage Chinads grid companies to procu
with DR aggregates, cleared through aentralized power trading system

- Provide utilities with options t@rocure the targeted level @R resources tlough
a carefully structured DR auction With audits of the offers in the auction, DR
auctionswould enabe utilities to procure DR at competitive pricesmpared tahose
reached in bilaterally negotiated contracts.

A Some longer term recommendations for monetizing DR through market structures in
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China include the following:

- Allow DR to participateime wl vy establ i shed fAspot mar ket
services (e.g., spinning and nespinning reserves and regulation)DR can provide
these services with |little impact on the

convenience due to the short duratiomesponse.

- Allow DER, including DR, to participate ircompetitive wholesale marketst well
designed, schmarkets will provide a level playing field for demaside options to
become viable resources that can competeeaftesttively with supplysideoptions in
providing needed energy, capacity, and ancillary services.

1 Pursue policy changes to effectively drilegge-scaleDR deploymen{Recommendation 8)

A China will benefit by establishing a regulatory framework that sets priorities for utilities
to acquire least cost demasidle resources before investing in supply options.

A U.S. and state policies have various mechanisms to enable deidarswlutions,
culminating in the establishment of DR as a resource to make the power markets operate
more efficiently.

A Someneat erm recommendations for memrkfarDRi ng Chi
include the following:

- Develop a plan with specific measures on how to meet the goal of using DR as a
flexible peaking adjustment capability to achieve 3% of maximum load, as set forth in
Chinabés Opinion on t he rdtiompfiPeweeQeneation on o f
and Consumption Planning.

- Enhance efforts in standardizing equipment, communication, and operational
requirements related to DR to enhance DR iofsarability.

- Focus on DR related measurement and verification (M&V), whichtisal to
developing a robust DR market.

A Some longterm recommendations for the central and provincial governments to consider
in building a DR regulatory framework are as follows:

- Change ut i-foduged irvestmers mquebly providing a gesifinancial
incentive to utilities for pursuing DR, as a way to avoid initiating new capital
investment projects.

- Establish demandide resources portfolio standards (DSRPS) that set specific fargets

in several formatdpr adoption of distributed energy resources, including DR.
Targetsetting helps create consistent demand and drive the market for DER.
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Consider DER resources in generation and transmission planning. Require utilities to
consider DR and power storag@estments as alternatives to new peaksts and

provide justification for investmeniRower sector planning should play an essential

role in assessing cesffective alternatives, including namire alternatives.
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I. Promoting Electric Power Market Competition and Direct Power
Trading

Key Recommendations

19 Devel op practical approach to wholesale fis

rational resource compensatiamd system flexibility to supporénewable energy
integration (specific recommendations 1 through 6).

1 Ensurethatretat i de ref orms develop in a way that
incentives faced by endisers and is sufficiently transparent (specific recommendations 7
and 8).

1 Facilitate greater pacipation of renewable energy resources in markets, through
development of the renewable portfolio standard, green certificates, and corporate
contracting(specific recommendations 9 and .10)

Pilot Background

The Power Market Competition and Direct Poweading pilotin Guangdondocuses on a core
goal of Chi nrmform efforo deeeloping electticdyrwholesale and retail markets.
On the wholesale sid&uanglongis developng 1) afimedium and longtermmarket featuring
competitively determiadannual or monthlgontracts between generators and large end users;
and 2)ashortet e r m A s p.oOn theratail lsiget Guangdong has been fostering the
development of competing retail supplieFae Cooperation seeks to help locagulators
formulate market rules, policies and oversight mechanisms, ptataoting the incorporation of
clean energy resourcesjch asenewables and demasdle solutions, in the restructured market
system. If designed well, the pilot could lead to a thriving markaepport the development of
clean energy resourcem)d help contain thsize of electricity bills foconsumers.

According to the Guangdong pilot document,ihgui di ng princi pl e)o f or
increased competition (at both wholesale eetdil level9; (2) environmental protection and

energy savings; an@)i nt egr at i on o f?! Thesegwiding prindipless | ogi e s 0.
correspondvith severabasic challenges faced by Guangdong (and China as a whole), in

particular:

1 improving the overalefficiency of operation of the power sector (dispatch);
1 rationalizingexcess capacity of ceoéifed generation;

1 promoting renewable energy integration; and
1

meeting ambitious goals for air quality and carbon emissions.
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Specific Recommendations

Here we &fer a number of specific recommendatipogyanized under three separate tgpics
drawing on US. experience, which we believe should be of use as the Guangdong authorities
move ahead with their reform efforts.

The rational 18' Five Year Plan for the Power Sectoo mmi t s t o develampi ng #i:¢
Guangdong Prowiceis now slatedo move ahead with spot markeevelopment, as the lead
province in the Southern Grid spot market pilot

In this paperweuse@aoncept of Ospot mAaexpesence @itmagionall i ne wi
transmission operators and independent system ope@b®s(ISO3.2 We propose a package

of mar ket mechani 4 mane 0cvanctfekttedddcational margirar e a |

prices, and produces marlaearingprices for each intrday time period (which in thegnited

Statesare set based on time intervals of fifteen minutes or lesi pabkage also includes a

day-ahead market, as well as mechanisms to rationally compgmeaision of ancillary

services.

Spot marketsif well designedc an hel p Guangdongds power sector
challenges and provide benefits in terms of reduced emissions and loweMmsts
specifically, weltdesigned spot markets canalith the following®

1 Improving efficiency of system operations A fimer i t o teasecosb appr oa
dispatchis theheart of avell-designed spot markeé¥lore specifically, a merit order
approach means dispatching available resources (including ienarsts and demand
responsein order of theioperating costs, which reduces costs and emissions.
1 Guiding investments toward a more rational mix of resourcesA well-designed spot
market will send better signals to support resources needed to minimize investment costs,
support reliability, and meet emissions goals.
1 Increasing system flexibility and integrating renewable resources and other new
technologies A well-designed spot market allows for inrttay fluctuations in wind and
solar output to be dealt with flexibly and efficiently.

In the United State$SO/RTO wholesale electricityjarkets have been useful in dealing with

similar challenges, althoughndwe c hnol ogi es and business model s
details right o c o abateHowbestd desigwh@esade asduetajhagkets of d
in order to reduce costs and integrate new technologies continues to be a hot topic in the United

21S0s/RTOs refer to markets in various parts of the United States that are centered on independent system operators
(ISOs) or regional transmission organizations (RTOs), two terms meaning, at least for the purposes of our discussion
here, practicallytheesme t hi ng: they are independent (flem!| untaryo)
markets and have functional control of the transmission system in order to ensuretaamirtete coordination of

electricity supply with demand.

3 Spot market implemeation is not the@nly way to achieve these things. It would be possible to design a package

of administrative mechanisms that would also achieve similar résaitd possibly in a more manageable and

lower-risk manner, given the Chinese context. Fomapla, some parts of thenlled Stateshave never implemented

ISO/RTO markets, yet have made significant progress with the problems listed here. However, this paper accepts the
Chinesgover nment 6s commitment to spott market i mplementat:i
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States. For example, there is mugscdssiorabout how best to design market rules to allow
markets to recognize the range of costs and benefits associated with distributed resources (such
as rooftop solar and demand response), and to allow these resoucoenpete on a level

playing fidd with traditional generators.

Guangdong, and China more broadigis some conditions that are different from the United
States that may present challengedaweloping competitive spot markets:

1 The history offiannualgeneration output planning i n is@bodds with a merit order
approach. ISOs/RTOs in thenlted Stateswere developed in the context of an industry
that was accustomed to and experienced with merit order dispatch (both within vertically
integrated ulities and in electricityipoolo arrangements among these utilities).

1 Lack of transparency regarding costs apdratingconditions, which can make it
difficult for competitors to rationally assess market opportunities

1 A power sector dominated Isyete-owned entitiesROES, whichmaynot be motivated
in the same ways gwofit-maximizingcommercial enterprises.

1 In periods of excess capacity, the market will make it difficulrétatively inefficient
capacity to cover costs, thus giving incentif@ssomecapacity to be retired. This is a
rational feature of markets, but may lead to resistance to market fefonngeneration
owners who suffer losses

Guangdong has been developing and gradually expandinga d-ianddongt e r mo mar ket
(MLT marketal so ref err ed tThisMLE mdiketiisrorganized arouadd i n g 0 ) .
competitive annual and monthly contracting between dersal@entities (retailers and large

industrial eneusers) and generatoisis worth noting thathe MLT markeitself will do little to

improve operations on an heby-hour basisA spot market is needed to rationalize generator
compensation and operations at shorter timesédlke.intention in Guangdong is tave the

MLT market operate alongside the new spot mattetwever,note that the Wited Statesdoes

not have any mar ket structure directly equiva
in the Lhited States longerterm contractingpccursin a variety of forms, with financial contracts
agreed between pate parties oawide range of timescales, including much longer durations

than those in Guangdon@enerally speakingn ISO/RTO regionsthe system operator is not
concerned with the terms of thesmntracts as the contracts generally are financialature.

Moreover, some forward markets in the United States are very active, with trades in forward
energy occurring on a daily basis. Finally, all U.S. markets are-saittement markets that

enable both the pricing of reliability of generation resesrand active demassitie

participation

Establish spot market with merit order dispatch based initially ona generatorreported
operating cost basifRecommendation 1)

Market design ishe process of determining tbptimalcombination of explicitegulation and
market mechanisnts improve economic efficiencyA well-designed spot market will minimize

‘See ARecombmmXlari dnsinds Local Consumption of Renewabl
more discussion of demand response and interaction with spot markets.

5> See, for examplénttp://www.raponline.org/wholesalelectricity-marketspricing-chinareform

going/?_sft region=china
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operating costgor shortrun variable costy enabling a merit order approach to dispatching
power according to resources6 marginal cost .

In the Lhited States markets featwa merit order approach to dispatch. That is, resources are
ranked according to theperatingcost associated with each resource, subject to availability and
transmission constraintsA key question is how to determine thgeting cost of each

resource. Any weltlesigned spot market approach effectively requiraegsmgors to disclose

their operatingosts. In the ISO/RTO context in thaitéd States when markets are wking

well, competitive pressure generaihgcentivizeggenerators to bid prices into the market that are
in line with operatingcosts That is, competition induceseh generator to reveal iperating

cost. Howeverestablitiing sufficient competition is not an easy task. (We have already noted
several partiglar challenges in Guangdong to establishing effective competaimhweexpand

on those issuasnder Recommendation #4

In the near termwe suggest that Guangdong officials consider how to establish a spot market
that will do a reasonable job of elicitimgeratingcosts and translating these into a merit order.
An initial market design should aim to lay the groundwork, over the longar ter continued
improvements in accuracy of information regarding costs.

We suggest policymakers in Guangdong should consider two approaches for establishing a spot
market with merit order dispatch. Both approaches featorerd order, which ranks geragion

units (and other resources) berating cosfshortrun variablecost). Both approaches also

feature asingle market clearing pric@ll suppliers receive, and all loadayy the market

clearing price. This market clearing price is based on thi& arder. More specifically, the

market clearing price iypically equal to th@peratingcost of the highest cost generation unit
necessary to meet demand.

I n the first apprrepartedostsiyteisteportavevdlliredertdths d i n o
approach aa gednerator reported cost bid structure Her e, t he system oper e
collects reports from generators to malséimates ofhe operating cost associated wetich

generation unitThe system operator then uses these estinttatesstruct a merit order drset

the markefclearing priceThese cost estimates are subject to confirmation or audit.

In the second approactpmpetitioninducesgeneratos to reveal operating castin this paper,

we o1l | ref er t aqenérdtar shontanbid g to ra « d tarkes gadicipdtd make
competitivebidsto sell and buy electricity.If the market is sufficiently competitive, a given
generation unit will typically maximize profi
costs. As in the first approach, the system operator uses this informlationoperating coste

constuct a merit order and set the markkgaring price.

The choice between a generator reported cost bid structure and a generatondbidrt
structure wil/ hi nge on relative confidence i

A Aresourced might be a particul ahedemandgidenfarkexagpiener at i on
customer demand response or distributed generation.

" Note that, in US. terminology, supphs i de r e

sou
refer to generators as #dnbi

es make competitive fAoffer
n

rc
ddingo into the market.
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reveal accurateperating costs, maintain the independence of the market and system operator,

and enforce a rigorous system of market monitoring and market power mitigation.

Tablel below sets forth a higlevel summary of the neaerm pros and cons of the two
approaches.

Table 1. Near-Term Pros and Cons of Two Spot Market Merit Order Approaches

Gener atroun sb
Sstructur ¢

Accuracy/ effi|FaiasmsuUming a(

order repo)yting
Ri sk of marke

Need for incr
sophisticat:.

mar ket pl aye

Need for inc

pl ayers and

ownership

Need for incr

transper.ggncgy
operati onal i

| mportance of
auditing or o
collect infor
operabshg

A well-functioninggenerator shomun bid structuremay be the gold standard in the letegm
but may not produce the highest degree of improvement inthe neartegni ven Chi
institutional characteristic3he generator shertin bid structurerequires a market monitoring
infrastrud¢ure and rules with strong, enforceable penalties foraoonpliance, in order tgield
efficient outcomes. The alternatigenerator reported cost bid structweuld still have key
featureqiincluding a marketlearing price) and functi@of a spot markt. However, the

assessment of operating costs in an administrative process, wherein the methods are well

naods

publicized and consistently applied, will help habituate regulators, system operators, and market

players to the merit order dispatch approagingthe generator reported cost bid structure
the near terncould be a reasonable precursor toltimgerterm adoption ofthe generator short
run bid structure. In facteporting and assessment of cdstgorded in accordance with a
uniform system of @ouning) can serve asne ofthe bast foundationsof a market
monitoring/enforcement regime ftire generator shertin bid structure

The ISO/RTO regions in the United States are currently organized according to what we are
calling a Awrenkirdteotrr shtounted in this paper.

experience with spot markéke designs that are based on reported costs. For example,

H



| SOs/ RTOs evolved in certain cases from Apowe
decadeso allow for trade between various verticailhfegrated utilities. In these pools, the

utilities dispatched shared resources according to reported operating costs. These pools were

very successful at increasing the efficiency of operations over bro@aer, arcreasing

reliability, and reducing costs.

More recently, a region @dolorado has been developing a market mechanism intended to

supply imbalance energg,n own as ] loased on reppartedgasts and féatures a merit

order and a market @deng price. Instead of competitive bids, tharketis based omperating

cossreported by generationunitsandg p |l i ed t o a d &Despiteghe mdkdbfor m A p «
bids, this market design is intended to work in much the same way aketmm anSO/RTO

region, in so far a# focuses on the ranking, in real time, of various available resources based on

their operatingcosts and dispatching accordindly this joint dispatch case, generation units are
dispatched based on reported operating costiser than on bids. In addition to providing the

basis for dispatch, the cost information collected by the data platform in the joint dispatch

example roughly parallels the data collection done by ISOs/RTOs in order to verify estimates
(known eamscdirledwel so) of the operating costs of
ISOs/RTOs to judge whether the market is competitive and whether any generators are

exercising market power. (See Appendix A. We also discuss market power in Recommendation

#4)

In the near term, it would likely be best for Guangdong to pursue the first approach:
implementation o generator reported cdsd structure From a broad perspective, this would
be a measured initial approach to the complexities of spot markeh dékigye are several
reasons why thgenerator reported cebtd structurevould be best in the near term:

1 It would sidestep the need for robust competition, which U.S. experience with spot
markets indicates can be difficult to ensure.

1 It would set ughe foundational elements relating to operating-cegbting, locational
pricing of inputs an@utpus, and market monitoring and market power mitigation.

In short, implementatioof thefirst approachdgenerator reported cebtd structurg would set
the stage for an eventual move toward the second approach (generataurshiorstructure).

Finally, we note thabecausericing determinationare a critical factor in the success of any
electricity market design, the details of price formatiathrequire deeper examinatidooth to
ensure appropriate performance and efficiency, and to mitigapotaetial for market
distortions. This includes the need for accurate assessment of all components of operational
costs and pricing at the location of egyeresource outputs.

Establish an institutional framework protective against interference with merit order
dispatch (Recommendation2)

As we explained in previous sections, a key function of any spot market is to determine the

operating costs of various available resources (which may be done through reporting of costs or
competitive bidding) and then dispatch available resouncesderof theiroperating cost. This

il east costo approach will minimize costs and

8 https://www.oasis.oati.com/PSCO/PSCOdocs/Welch_Testimony.pdf
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It is important to guard system operations and market operations atgregtons from this
approach, which araefficient and costly from the point of viev ihe overall system.

However, it may be that there is naguficient legal and regulatory framework in Guangdong
(and China as a whol&) ensure that dispatch decisions are focused on efficient anddsast
outcomes (i.e., to ensure that dispatchsiews follow aleastcostmerit order approach, based

on reasonably accurate information regardipgratingcosts). The debate over broad

institutional structures for China (i.e., whether or not the dispatch centers are located within the
gridco) has baegoing on for many yeaPdHere we review some institutional options for China.

Looking at the Wited States and other countries around the globe, we can identify three broad
models of institutional organization.

1. Independent System OperatorThe US. ISO/RTOinstitutionsfeature an independent
system operator (which also handles market opetioneach ISO/RTO region. The
ISO/RTOis not a government agency athaes not own any transmission or generation
assets. This model stresses the independdribe kK5O as a way to ensure that the
dispatcher does not discriminatefavor of oragainst any particular generators
customersegarding grid access. This model evolved in order to serve wide areas in
which transmission had been traditionally owngdatmumber of utilities. In practicé
has been successful: the ISOs/RTOs have in fact been independent and transparent in
their actiors, and they have met their responsibilities in a-dmeriminatory fashion.

2. System Operator SO) within a vertically -integrated utility: In nonISO/RTO parts of
the Unhited States there is no centralized market and thus no market operator. Iniead
SO function is part of a utility that also owns transmission and generation Bseatily
speaking, the S@as the incentive, as an integrated utility, to dispatch its own generators
in an efficient manner, in order to minimize operating costs. In addgtate regulators,
or public utility commissions, generally require least cost dispatulthe federal
regulator, the Federal Energy Regulatory Commission (FERC), requires the separation of
the generation business from dispatch decisions pursuant to FERC Standards of Conduct.

3. SOwithin a grid company that does not own generation asselsit owns
transmissian assets This model is seen in countries such asihged Kingdomand
New Zealandandi s someti mes referred to as the ATS
model or as the fAitranscoo0o model . In it, th
performs the sstem operator function, but the grid company does not own any
generation asselsit owns transmission assétd’he market operansfunction may be
handled by the grid company or a thpdrty entitycontracted by the grid company (as
long as the grid copany or thirdparty entity is protected from interference from
interested parties)

Each model has its pros and cons and here we offer brief observations about these models for
China and Guangdong. Regarding the first model, we note that, in the Chinese context, it is less
common to have independent rgovernment organizations actingfasvat chdogs o or se

9 For example, see International Energy Agency (2@DB)i na6s Power Sect orAls®R8ERECr ms: Wh
(20099AResearch Report on Chinadés Power Transmission and I
10 Vvariations include the approach seen in France, in which a TSO is allowed to own generation, but in a legally
separated fashion. See Pol |andadgainstiwnership anbundliy@fCei®e)gy A The ar
transmission networks. o Downloaded fr om:
https://www.repository.cam.ac.uk/bitstream/handle/1810/1947B7L626 EPRG0714.pdf?sequence=1
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coordinate industries. It may be difficult to adequately insulate a-siané SO (which would

be much smaller than generation companies and grid companies) from interference. However, it
may be possible to replicate the U.S.cass of ISOs if regulatory officials are committed to
ensuring the Aindependent o aspect of an fAinde
model, we believe that it is unlikely that Guangdong would want to take the drastic step of re
integrating gearators into a vertically integrated entity, since China has gone to the lengths of
separating generation assets from the grid company, as part of the reform efforts launched in
2002. As for the third option, it has the advantage of being similar to thentsituation in

Chinai and thus does not require major reforms. On the other hand, we understand there may be
an interest in narrowing the range of functions carried out by the grid companies, for political
reasons.

Whichever model is chosgethe impatantobjectiveis to ensure leastost economic dispatch
functions are carried out without improper interference from market participants or other
interested parties. We recommend that Guangdong issue rules that require regulatory oversight
and review oflispatch decisions and require that the transmission system be operated in an
Aopeno manner, so that it i s advorespacifidally@ t o an
the near term, we suggest new regulations requiring publication of markespatth

procedures and more detailed information about system conditions on a monthly, daily, hourly,
and forecast bas(g.g., clearing prices, congestiondispatch, load and wind/solar forecasts,
transmission outageand ancillary servicequiremats). This is important for fostering

efficient operations and supportingmpetition: transparendgparticularly regarding market and
dispatch procedure and regarding system conditafmys market participants to develop an
accurate view of conditiorenddevelop effective strategies. Suchrtsparency also supports
effective regulation.

Establish a transitional strategy to market prices by limiting transition payments to
retiring generation capacity and facilitating measured retirement of excess gendran
capacity (Recommendation3)

Givena context of substantial excegsneration capacity, any reasonably vagsigned

wholesale market will send signals to close down generation cagaaniticulaty generators

with higheroperatingcost (i.e, relatively inefficient generators). These signals will be rational
from an economic and environmental point of view, but the owners of the less efficient
generation will have incentive to resist reform and may request support to continue operation.
The challengevill be to ensure that market signals lead to smooth retirement of unneeded
capacity.

The Uhited Statesfaced a somewhat similar scenario in the 1990s, in so far as plans to move
toward competitive markets were made in the cor(e{east in somparts dé the country)of

generation overcapacityLarge industrial consumers and other end users were eager to have
Adirect accessoO to new competitive whol esal e
capacity would compete to offer low prices. However, the utilities that ownetbthe
competitivegenerators argued to regulators for compensééioreduction inthevalue of their
generation assets associated with the implementation of competitive markets.

'See Borenstein dmé BusShné&€llect20r5)t yilndustry after 20
https://ei.haas.berkeley.edu/research/papers/WP252.pdf



Based on this experiencge suggest the following recommendations. First, starting ingle n

term, limit compensatiofout-of-market paymentdp excess capacity. In Guangdong (and China
more broadly), where there have been various government policy announcentewtsnings
cautioning generation companies against investment in excess gapaaity be illadvised to

payfull compensation for the loss in capital value that will be experienced by various generation
owners due to restructurintgThis cautiousapproacho limit compensatiowill reduce any
incentives for ongoing overbuilding o&pacity. The idea is to avoid unnecessary interference
with market signals regarding overcapacity.

Second, desiganycompensation in a way that does not prolong the operation otieeffi
capacity. Compensation should be limited and constrainedhorg weltdefined transition
period.It may be besto pay compensation in a lurgom fashioron condition of retirement
This will provide an incentive for existing inefficient generators to exit the market when
appropriate

Third, develop better longerm regional resource adequacy and reliability planning processes to
complement the market. Market design and market outcomes must always be caloskried

to ensure that the market is producing reasonable results in terms of investment, retirements,
resources types, flexibility, reliability, emissions, and other consideratilb8sRTOs/ISOs

conduct longterm regional planningandusee sour ce adequacy assessmen
whether there are sufficieaupply and demandide resources to meet thggregated electricity
demandéwi th a speci f¥iMerdspeciioglly, @ah RTO/ISO gpicallg b i | i t y
conducts annual lontgrm resource adequacy assessment that coversyageplanning

horizon, based o0 Ii®s sxpadatyon priaciplésam seaso@al

reliability assessments that cogemmer and winter every yedrThe process includes

modeling of the resource mix, energy market supply curve, generator outage and availability,
economic and emergency demand respoeseurces, load growth, weather uncertaiand

scarcity condition$® | n Guangdongb6s case, if, for example
giving incentives to certain resources to shut down, but those resources are deemed necessary for
reliability, then 1) there may be need for temporary measures to support these resources; and 2)
relevant details of market design should be adjusted. At the same time, it is very important that
owners of unnecessary and inefficient resources should not be allowe#dsuperfluous
Areliabilityd arguments for protection of the
reliability planning processes will need to develop over time. The National Energy

2 hitp://m.companies.caixin.com/m/2007-17/101044635.htm|
http://news.bjx.com.cn/html/20170112/803056.shtml
http://www.jsdpc.gov.cn/zixun/tzgg_1/201605/P020160506368498872942.pdf
http://www.ndrc.gov.cn/zcfb/zcfbtz/201604/t20160425_798979.html
http://zfxxgk.nea.gov.cn/auto84/201609/t20160923_2300.htm

BNERC (2008) fAReliability Assessment Guidebooko.
http://www.nerc.com/docs/pc/ragtf/Reliability Assessment %20Guidebook%20v1.2%20031909.pdf

14 North American Electric Reliability Corporation (NERQ@14 Essential Relialiity Services Task Force: A
Concept Paper on Essential Reliability Services that Characterizes Bulk Power System RefRaibitiggon, NJ:
North American Electric Reliability Corporation.
http://www.nerc.com/comm/Other/essntlribltysrvcstskfrcDL/ERSTF%20Concept%20Paper.pdf

15 pfeifenberger, Johannes, Kathleen Spees, Kevin Carden, Nick Winterr@adtd.3. fiResource Adequa
RequirementsRe |l i abi |l ity and Economic I mplications?o
https://www.ferc.gov/legal/staffeports/2014/0D7-14-consultartreport. pdf



http://m.companies.caixin.com/m/2017-01-17/101044635.html
http://news.bjx.com.cn/html/20170112/803056.shtml
http://www.jsdpc.gov.cn/zixun/tzgg_1/201605/P020160506368498872942.pdf
http://www.ndrc.gov.cn/zcfb/zcfbtz/201604/t20160425_798979.html
http://zfxxgk.nea.gov.cn/auto84/201609/t20160923_2300.htm
http://www.nerc.com/docs/pc/ragtf/Reliability_Assessment_%20Guidebook%20v1.2%20031909.pdf
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF%20Concept%20Paper.pdf
https://www.ferc.gov/legal/staff-reports/2014/02-07-14-consultant-report.pdf

Admi ni st r @owerdSeciosPla@nihBegulation represengsgood starting point on
which to build.

Developa rigorous framework for market monitoring, market power mitigation and
enforcement(Recommendation 4

Recommendatiod suggests firamplementingas p ot ma r kemdratomweported cast bidg
strucureo, with a shift to a competitive spot m& e ener@tér ghortun bid structuré ) over t he
long term. Here, we discuss hdle generator reported cost bid structoen serve as the

foundation for a market monitoringrarket power mitigatiorgnd enforcement structure that

will support the longeterm implementatin of the competitive spot market

The information collected under thergerator reported cost bid structiserery similar to the
information that must be collected to support nanmg and enforcement under a{tidsed
market.In other words, should Guangdong decide to implemegaharator reported cost bid
structurein the near term, we recommend simultaneous efforts to ensure that thepootng
mechanisms can evolve inta@ust market monitoring and enforcement structure. Should
Guangdong instead choose to implemetompetitive g@nerator shortun bid structuren the
nearterm, then the need for attention to market monitoring and enforcement will take on
additional urgncy.

The nature of electricity production and demand can create opportunities for the exercise of
market power in a competitivgenerator shortun bid structurgspot market. This can mean
excessive prices for consumers. It also undermines the infomwdntent of the bids: in a well
functioning competitive market, the bids should reveabgeratingcost of each generator,

allowing the system operator to form an efficient dispatch order. In the presence of market
power, however, generators no longave proper incentiwdo reveal theitrue operatingcosts

and can engage in behavior (such as withholding of capacity) that is detrimental to consumers.

Even the most competitive markets in theitdd Statesand elsewhere depend upon vigilant

market monitoring and enforcement to give policymakers and the public confidence that the
market is functioning as intended. Regulators must have means of determining, correcting, and
punishing (and thus discouraging) nket power abusesA bid-based spot market should not be
implemented until a robust and effective market monitoring and enforcement structure is in
place.

It is important to recognize that, in theSJexperience (and that of other countried)entionto

market powerlaf ocused on O0spot marketd transactions.
susceptible to market power because electricity supply and demand must be matched on a
secondby-second basis (witlimited storageresourcep In addition, transmissioconditions

fluctuate throughout the day, so that a single generator may sometimes find itself isolated from
its competitors and able to act as a temporar
only for a few hours or less, the generator maytbe @ increase prices substantially and cause
significant harm to consumers. In contralsg tlegree of conceabout market powean longer

t erm mar k eredium(@arddngt. e rtnadet ifi Guangdong$ somewhat lesas the

longerterm nature meanit is less likely for a generator to find itself advantageously insulated

from competitiont® That said, excessive consolidation or effective monopolies in the generation

1%1n U.S. mandatory forward marketsuch as apacity marketsthere is extensive market power mitigation.
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sector may prove problematic and may undermine the benefits of competiioinjust the
shortterm energy marketsut also the medium and lotgrm markets

In the Lhited States FERCexercises oversight overholesale markets and has developed
regulations to address potential market power. This includes:

1 Requirements for the eblishment of market monitors in each ISO/RTO.
1 Rules and procedures for rapid identification of and remedial action against market
power.

In designing effective market monitoring and mitigattonGuangdongan important stepvill

be adeeper understamdy of generator costs and establishment of a register and reporting

mechanism for those costs in which the methodolsgpnsistent across compani€kse

information collected under the generator reportedsmsstructure to estimate operating cost

shauld be pursuant to books and records maintained in accord with a consistent set of accounting
rules (e.g., FERCOs Uniform System of Account

For eventual implementation of a generator shamtbid structure, we recommend establishing
tests for markgbower and codifying migation responses. Thehouldinclude:

91 Procedures to determine whether any given generator hpetthdialto exercise market
power, based on analysis of existing competitors and grid constraintexg@rople,
FERQb6tshr etealpisvuoppl i ers testo.)
Assessment of the degree of concentration of ownership in the market.
Procedures to determine whether any generatoadtaallybeen able to submit bids that
exceed t he g¢e operatiagosts by a sigoificant margiolRéferred to by
FERC as ficonduct and i mpact testso.)
1 An estimate of the trugperatingc o st ( Aref erence | evel 06 in FE
generator in question. The practice of estimatipgratingcosts could grow from the
methods established to surveyané r i f y cost dadas tubn dsepota na rek
modelthat is based on requirementsiiaintain books ancecords in accordance with a
uniform system of ecouning. (See Appendix A.)
1 Clear assignment of responsibility and authority to a designagethtery agency to
conduct these tests, make assessments, 0 mi
incremental costs (as required by established rules), and impose additional penalties
(including possidhhbkeddeait @l aopbréndfashigdnky &9 i n a
1 Establishment of market monitors. In theSlUSO/RTO experiencéndependeniarket
monitors have played key roles in promoting transparency, reporting on the overall
functioning of the market. In each ISO/RTO, the monitor issues very detailed quarterly
and annual reports. In these reports, the monitors provide data and comraentary
market developments, resource costs, and scope for and evidence of market power.
Monitors also make recommendations for rule changes in order to improve the market.

= =

Enlarge spot market footprint to create a regional market with integrated multiprovince
economic dispatch(Recommendation 5)

In Guangdong (and China more broadly), there is a legacy of provincial balancing, tax, and
investment policies that favor use ofprnovince resources. In the United States, a crucial way to
increase power systerexibility is increasing the footprint of the balancing aré@4s). This
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typically involves physical interconnection of adjacent BAs throegihancement of the

transmission network, but short of that, much of the benefitbe achieved by cooperation

between BAs!’ Larger market footprints provideccess to a greater diversity of generation and
loads, as well as a larger pool of reserves. In terms of renewable integration, larger footprints can
significantly reduce the variability of renewables due toggaghic smoothind® The aggregated
regulation reserve requirements and resulting system operation costs can be significantly reduced
with anexpanded market footprint.

Levels of BAcoordination typically go from reserve sharing (a first step) to coordinate
scheduling to coordinated operation of a fully integrated market. Eaenimtegratednarket is
unattainable, facilitatinghe first two steps afooperation between BAs can also increase
operatingefficiency, reduce the variability risksandthe impats of uncertainty (including that
associated with wind, solar, and hydro outprgdiuce total operation cashd is conducive to
more efficient interegional transmission planning and investm&wgserve sharing means that
two or more BAs collectively mintain, allocate, and supply the reserves required for each BA.
Coordinated schedulingccurs on both daghead unit commitment and shtetm dispatch and
load following. It can take many forms, and may involve establishment of an information
exchange sstem for generator availability and cost, a monitoring system and financial
compensation mechanisms for energy exchanges and transmission usage, and transmission
availability calculation at the operating timescal@he Energy Imbalance Market (EIM) is one
form of coordinated schedulirigat hasemerged in the Western United Statdfiee BAs in

China may choose to adopt other forms of coordination that work under the Chinese political and
economic paradigm as an interim step towards a fully integratezheg¢gnarket.

In the near term, we recomme@diangdong implemerin effort to analyze the benefits of fully
integrated multprovince economic dispatcin the medium term, an EIM may be a feasible step
in this directionIn the longer term, we recommend&hgdong work to implement a fully
integrated multprovince balancing areend spot markeh the Southern Grid footprint.
(Recommendation 5 for the Jilin pilot also discusses development of a regional )narket.

Design ancillary services based osystem reliability and stability requirements
(Recommendation §

Ancillary servicesA/S), as defined by the Federal Energy Regulatory Commission (FERC) in
Order 888, are services necessary to provide basic transmission to castbileeensuring

continuel electric service reliability. In therited States one principle for electricity market

design is that prices for energy and for various ancillary services should be unbundled, where
possible, to minimize averaging of costs. This is because averages {&ig., for congestion,
reserves, or other costs) do not send the correct price signals for the supply of needed%ervices.

17 Milligan, Michael, Bethany Frew, EllZhou, Douglas J. Arent. 201B8dvancing System Flexibility for High

Penetration Renewable IntegratioNREL/TR6A20-64864. Golden, CO : National RenewaBlgergy Laboratory

18 Muzhikyan, A., A. M. Farid and T. Mezher, "The impact of wind power geographical smoothing on operating

reserve requirements," 2016 American Control Conference (ACC), Boston, MA, 2016, pfa8s8D1

9 NREL. 2015.Balancing AreaCoordination: Efficiently Integrating Renewable Energy into the G&dlden, CO:

NREL. https://lwww.nrel.gov/docs/fy150sti/63037.pdf

2206 Nei | | Helman, PM. Stkiewicz, M.H. Rothkopf, W.R. Stewa2 00 1 fi Regul at ory Evol ut
Designand UniCo mmi t ment . 0 | n The Ndxtlizeneration ofHlectric P@verdJnit) Commitment

Models New York, NY: Kluwer Academic Publishers.
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If the costofA/'Sand energy is bundled together (as it
system) the system operator does mave the ability to shop for the lowest cAs$ products

that can meet the performance requirement. This means higher overall system operation cost and
risk for sustained reliability violations.

Another key principle is thatncillary servicesnarketsshould be resource neutral and payments
should be performance based. This means that all resources, on both the supply side and the
demand side, should be allowed to compete in the market on an equal footing, as long as they
can provide the reliability seices and meet required parameters (e.g., notification period,
response speed, response depth, and length of performda@osmmonly used types of ancillary
services in the United States include regulation, load following, spinning reserve&pinamg
reserve, and supplemental reserve (see Appendix B). FERC Order 755 stipulates that the
payments to ancillary service providers, regardless of technology, should be based on
performance. This means that, for example, equal provision of frequency reguiatiotwb

supplies (be it a wind generation unit or a battery storage) should receive the same compensation.
For U.S. ISOs/RTOssome of thencillary servicgoroductsareoperatedaccording to the North
American Electric Reliability Corporation (NERC) reliability standards (e.g. CPS1, CSP2, DCS,
BAL-003) and/or Western Electricity Coordinating Council (WECC) voltage stability
guidelines®?

In the neatterm, we recommend that Guangdanitiate a process to define a set of needed

ancillary services, based on system reliability studies. This will depend on the charactdristics
Guangdongods system and may not be identical t
should then be bundled and separately priced. The prices for ancillary services can be set in
administratively, based on their respective costs. In thetmidngterm, Guangdong should

establish ancillary service mechanisms for each service, and allow all resoaicesng

renewables and demasdle resources, to compete in the ancillary services market based on

their reliability contributions. This paralleRecommendatiod for the spot market for energy,

where we suggest that market mechanisms be first devedopagleneratoreportedcostbid

structure evolving over the longeerm intoa generator sherun bid structure

From an overall perspectivd,. S. A b e svith rgpail cropetitian suggests that the retail
market shouldbe designed with the following principles in mind:

o Faimes t he mar ket doesndét favor one group o

o Economic efficienc§ the market reveals to retailers and customers the economic
value (cost) of their consumption decisso(e.g., enables demand response)

o Sustainability the market enables customers to make informed decisions about their
consumption choices (e.g., disclosure of fuel and emissions data, availability of

21 Milligan, Michael, Bethany Frew, EllZhou, Douglas J. Arent. 201Bdvancing System Flexibility for High
Penetration Renewable IntegratioNREL/TR6A20-64864. Golden, CO: National Renewable Energy Laboratory

2Zhou, Zhi, Todd Levin, Guenter Conzelmann. 2016. ASur\
Systems Division, Argonne National Laboratdnitp://www.ipd.anl.gov/anlpubs/2016/01/124217.pdf
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resourcespecifid fAg r edeproducts, and clear pricirand product terms and
conditions)

This sectionlooket ways to support these principles as
Encourage Asmarto pricing i n(RecdmmendatiomJcompet it

Experience in the hited Statesshows that thetructureof prices offered to retail customers is

very important. It influences the behavior of the custonaersyell aghe retailers and other

i ndustry participants. The chall engiewhichs t o i n
we define here as giving participairisentive to behave in ways that help meet provincial and

national objectives for the power sector and the environment.

Guangdong already has a number of pricing pol
definition, including time of use (TOU) pricésr the industrial sectotiered prices for

residential consumers, and differential prices for industrial consumers. These policies date from
before the decision to move toward retail competition. In fact, Chiaaisablyahead of the

United Statesin a number bthese areas.he challenge will be to protect and innovate on these

smart price structures as Guangdong moves to expand retail competition.

Here we look at a few aspects of smart pricing and how theybmapplied in Guangdong as it
moves toward retail competition.

Time-varying and dynamic rates The underlying costs of providing electricity vary hourly and
seasonally for example, with fluctuating demand, grid, and weather conditi@aml ideally
cusbmers should be exposed to some signal associated with this fluctuating cost. As we saw Iin
the last section, a wetlesigned spot market will reflect these fluctuating costs at the wholesale
level. However, having a wetlesigned spot market is not enougttention is needed to how

retail endusers perceive thoseholesalecosts. Revising the way customers are charged for
energy use can help persuade customers to manage loads during key hours, helping the grid
operatorsnanage the grid as demand and suflplstuate throughout the day.

Both the Uhited Statesand Guangdong have experience with TOU price structdmsever,

there issomediscussion in parts of thenlifed Statesabout moving toward even more flexible

and dynamidi r @ a Ime p r i aaterdegsigns.(URJErRhjs pricing, the customer faces

prices that fluctuate hoty-hour, directly linked to the redgime changes in the wholesale cost

of electricity. To date, typically only large industrial or commercial customers have been on

RTP, but the option may be increasingly available to lowelume customers, who will perhaps

have fismarto appliances that monitor and reac
smart refrigeratqrwater heater or electric vehiaid@ght be set to autortiaally defer energy use

to periods of the day when the prices are low.

Tiered prices. Tiered prices charge residential consumers according to monthly blocks of
consumption, so that higheonsuming households face higher marginal rates, which encourages
energy savings while protecting lelwcome households. China now has tiered pricing across the
country for residential customers, in contrast to thedd States where only some states have
adopted this structure. The challenge for Guangdong will beotegtrthis useful aspect of rate
design in the context of retail competition.

Differential prices:Under Chi nadsinggdpbfecgnt sameprirndustr.i
customers are classified according to the energy efficiency of their prodpohicegssesand
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relatively inefficient customers are charged higher unit prices, thereby giving them a double
incentive to improve the efficiency of their power usage (double because, being inefficient, they
are already using more electricity per unit afustrial outpiti e.g., kWh/ton of aluminuri

than their competitors; the increased price per kWh then further increases their cost penalty).

Emissions pricing Guangdong has piloted a carbon trading scheme and China plans to
implement a national schemeoso The Lhited Statesalso has regional experience with
emissions trading (e.g., in the northeast and California).

In light of these observations, we make several recommendations for Guangdong. In the near
term, Guangdong should:

1 Maintaindifferential pricing by continuing to require that easers be subject to such
prices, according to their energy consumption classification, even if they are allowed
access to competing retail offerings.

1 Carefully manage the early stages of the trasrsiid a welfunctioning national carbon
emissions pricing scheme nitay bethat the national scheme will be implemented in
such a way that the emissions cap is gradually tightened and emission prices likewise rise
gradually, taking perhaps several yearseach an optimal level (i.e., where externalities
are fully internalized). Meanwhile, a rapid shift to retail competition will put sharp
downward pressure on ewnder pricesparticularly in a context of generation
overcapacity The challenges will betavoid a contradiction in these two trends and to
smooth the transition. Strengthening the differential pricing policy will also help in this
regard.

In the longer term, we recommend measures to foster more flexidldynamiceakttime

pricing. Such masures include allowing retailers access to-tiea spot market prices (once the
spotmarket is in operation), reviewinginimum performance requirements and technical
specifications for advamed metering infrastructure (with an eye toward betteblirg retailers

to access redalme metering data from customer premises), and creating wholesale market
mechanisms that value and reward flexibility in demand as well as supply.

Promote retail market transparency by developing standardizegroceduresfor
information disclosure (Recommendation 8)

Consumers cannot make rational purchasing decisions without access to timely and accurate
information about products and services. In the case of electricity, information about emissions,
prices, terms and conditons and t he resources in the retaile
information about the relative shares of the various resource types serving the customer) are
important to various consumers. However, retail companies may be retacpaavide his

information. This isn part because information disclosure raises marketing and administration

costs, but also because lack of transparency can sometimes allow retailers to take advantage of
customers who have little understanding of the market.

Certain U.S. states have adopted information disclosure rules with which all suppliers must
comply. Typically, they require that the suppliers provide periodic notices to consumers on the
characteristics of their supply portfolios: costs, resource typesnaisdiens and other
environmental data. Availability of such information has helped support consumer demand for
cleaner sources of electricity.
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AppendixC shows one example of a standardized information disclosure form that Texas has
used as part of itequirement that all retailers offer uniform information disclogtifhis
includes a requirement for standardized reporting of:

1 average price per kilowaktour (according to consumption blocks);
1 contract terms and cancellation fees;

1 sources of power geragion, by fuel type; and

1 emissions per kWh.

This approacthas been useful in bringing a degree of transparency and comparability to the
wide range of retail options avVaible in the market place. In the United Statleis, has been
primarily geared towarthcreasing transparency for residential and steathedium size
commercial firms.However,standardized disclosure, including of historic and-teaé pricing,
can also be useful in the context of larger-asdrs’ including those interested in proouwy
renewable resources on a letegm basis

In the near term, we recommetitht Guangdong develop a standardized format for information
disclosure, including contract term@icingand emissions conterfor all retailersandsuppliers.
In the longeterm, Guangdong should implement a regulatory structure to oversee and test the

veracity of retailerso6é information by conduct

declarations are compared to their actual resource portfolios (both owned and purdtesed).

may be integrated with the figreen certificate

claiming renewable energy content should be required to show acquisition of corresponding
renewable energy credits.

U.S. experience includes a number of efforts to support renewable energy participation in
electricity markets. These include polidyiven approaches, such as resource portfolio standards,
as well as initiatives steming from corporate interest in supporting renewable energy resources.
Here we look at two sets of recommendations to help better support renewable energy in the
context of the markets discussed in the first two topic areas.

Designan effectiverenewableportfolio standard, supported by green certification
(Recommendation 9

Chinaés provincial RPS ( RenewabGuadindQpinions ol i o
on the Establishment of a Guidance System for Targets of Renewable Energy Development and
Utilization.?® It stipulates that green certificates will be used as the tracking and auditing
mechanism for meeting the renewable energy targets. However, the document does not offer
sufficient details on how thRPS andyreen certificates will be implemesd. For example, the

2 Texas has the highest degree of retail competition in the United States, as measured byl statportion

of total load supplied frm an alternative supplier.

24 Renewable energy here refers to energy produced from renewable sources such as wind, solambdbmass
geothermalBecause hydropower is already a huge part of the power source in China, we do not include hydro in the
discus®n of incentivizing renewable energy.

25 (NEA). 2016l "6 P 0 % L L. [Guiding

Opinions on the Establishment of a Guidance System for Targets of Renewable Energy Development and
Utilization]/
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document provides little detail regarding obligated parties, verification mechanisms, and
penalties for noitomplianceAs a result, several provinces, including Guangdonghehendin
meeting their renewable accommodation goalsf 29162°

In the United States, RR8quirementsirove 60% of all nofhydro renewable generation growth
and 57% of all new nehydro renewables capacity growth since 280@. the United States

RPS is implemented as a requirementaaat-serving entitiegincludingretail electric suppliejs

and is typically backed with some form of penalf@snonperformanceind accompanied by a
tradable green certificaa¢known as REE, renewable energy cresjtprogram to facilitate
compliance. For example, Califoa SB350 requires the California Public Utilities Commission
(CPUC) to adopt a schedule of penalties for-oompliance and stipulates that the penalties
cannot be collected in rates it charges the custofi&mmestateshavealternative compliance
payment (ACP) mechanisg{(in case the retailer or utility is unable to acquire RECls¢ ACP

is typically set at a levdligher tharboththe estimated competitive mk&t cost of purchasing a
REC andhe cost of meeting the requirement by generating therehrénewable enerdy The
REGCs used to meet RPS requiremetytgically have higher prices than RECsamoluntary

market. In states with specific RPS targets for solar, regulated entitifsoleeRECS (SRECS)

to demonstrate compliance. SRECs are generally pricier than other compliance RECs due to the
relatively high cost of solar generation compared to other renewable generation techidlogies.

Based orJ.S.experiencavith RPS5, wesuggesthatGuangangimplementa clear point of
obligation for the RPS, by placing it on leadrving entities (including retailers and large-end
userslandalso impossestrict penalties for neeompliance to ensure the effectiveness of RPS.
(See ale ourRecommendatio#4 for the Jilin pilot.)RPS should be designed in a way to help
Guangdongneet its renewable energy and economic development objectives. The newly
launchedgreen certificatsystem in China has the potentiaktgoportthe realization of RPS
goals, but thexr must be a central authority with the capacitigdgndletracking and certification,
as well as a weltleveloped contractual framewotk For a province with high electricity
demand and relatively low utilitgcale solar and onshore wind potential suchrgdongthere

is the potential to meet high RPS goals through purchasingfearbvince renewable energy or
RECs. Adding a solar component to RPS would add complexityemuireadditional levels of
verification, but could help promote solar generatohnat i s al i gned with Chi
interestsTherefore Guangdonghould consider adding a solar RPS to promote Hsravince
solar generation, especially distributed PV developn@wer the longerm, we recommend
coordinating the RPS with an imwed resource planning process (for example, the RPS may
become more stringent as the costs of renewable energgridlisould be key to lowering
renewable subsidies).

26 (NEA). 20171 "62016 n ~P z 0 E L. [Notice

of 2016 national renewable energy generation monitoring and evaldation]

2" Barbose, Galen. 2016.S. Renewables Portfolio Standards 2016 Annual Status R&eokeley, CALawrence

Berkeley National Laboratory.

28 CaliforniaLegislature SB350.

®Yy.S. Department of Energy (DOE). 2017. fiRenewables Por
https://energy.gov/savings/renewabjestfolio-standareD

¥SREC Trade. 2017. ASREC Markets. 0 ekonusees mamkdts/Jul y 12, 2(
31 Hamrin Jan Ryan Wisey Seth Baruch2015.Designing a Renewables Portfolio

Standard: Principles, Design Options, and Implications for Chdenter for Resource Solutians
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Enable corporate procurement of renewable energfRecommendation10)

In the UnitedStates, corporate end us®rns order to hedge against electricity price volatility
and demonstrate corporate sustainability commitedehave driven a substantial amount of

new renewable energy developmeXibout 1,000 corporations )avoluntarily committel to

use over 30 million MWh of green power annudfyCorporate renewable energy procurement
occurs through a number of mechanisms, including power purchase agreements (PPAs) and
green tariffs®®

A PPA is a contract in which the etfiker (e.g.a corpoate customeragrees tdouy power for a
pre-determined period (e,20 years) at a contractlyatleterminedoricefrom a renewable

energy generator. This shifts project finance responsibilities and investment risks from the
custometo the generatot* This shifting of risk facilitates the investment in renewable energy

by these corporatcustomersfor whichowning and operating renewabledyipically not a core
business. Many PPAs are structured as a contract for differences (CfD)-thkeofprovidea

price guarantee to the renewable energy generator but does not directly receive the electricity,
only the RECs. The electricity generated is then sold in the wholesale market. According to the
CID, if the market price turns out to be higherthanthe com ct ual pri ce (known
priceo), t hpaysthe diflerengte theeofftaker.dr contrast, if the market price

turns out to béower than the strike price, the effiker pays the difference to the generator. In

this way, both partiesra able to establish a needed ldagn hedge over future energy price
uncertainty.

Another option for corporate customers interested in renewable energy is to pdrchase e n

p o w eidér aigreen tarifd from their utility or competite retail energyrovider The utility

or retailerwill typically use green power revenues to procure and retire unbundled RECs,

purchased from online markets, thjpdrty agents, or directly from a generation facility. In some

cases, the revenues will go to cover theso$utility-owned renewables geration.Retailes

offer green power at different prices than fgyeen fundifferentiated) power; the prices are

fixed for a specified period, usually two years or less. Regulated utilities offer green power as a
premumadded to the customerods retail rate for u
averaged 1.7 cents per kilowétbur in the Wited Statesin 201435

In China, neaterm options teupportcorporate purchase of renewable energy include
distributed genmtion,the newlylaunched green certificates mechaniamjutility green tariff
combined with verifiable green energy trackibmderthe green tariffthe incumbent utility
(e.g. Guangdong Gridpay offerrenewable electricity toterested corpora@nsumers at a
costbased price (which, typically, isdifferent rate than the normal tajifCorporations can
choose from these options when shopping for renewable electvitgtyecommend that

32006 Sh au g hn Emamsy\Liu, JeBny Haeter. 201%atus and Trends in the U.S. Voluntary Green Power

Market (2015 DataNREL/TP-6A20-67147. Golden, CO : National Renewable Energy Laboratory

33 Other mechanisms in use in the United States include direct corporate ownership of renewable generation.

34 Hassett, Timothy Cand Karin L. Borgerson. 2008lar nessi ng Natureds Power: Depl o
Site Renewable Energyvashington, DC.: World Resources Institutéavid Gardiner & Associates. 201Bower

Forward: Why t he Wosrateth@estinglinaRengwable En€@@evepaa \Wadrle Wildlife

FoundationWorld Business Couail for Sustainable Development. 20X&orporate Renewable Power Purchase
AgreementsGeneva: World Business Council for Sustainable Development.

35 National Renewable Energy LaboratoBgatus and Trends in the U.S. Voluntary Green Power Market (2014

Data), October 2015. Downloaded frottp://www.nrel.gov/docs/fy160sti/65252.pdf
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renewable generatorigicluding outof-province resource®e encouraged to participatethre
MLT market. In the absence of a spot market with a sputivincial footprint (see
Recommendation #5) thgarticipation in the MLT marketwih ot be a Asi |l ver bul
barriers to interprovincial trade. Howevirshouldcreate additional pressuressiapportof
interprovincial tradeln the medium to long termye suggesthe government should allow
corporate customers to engage in PRasich would generally be structured as Cfiagth
renewable generators procurement through thirgarties. This can greatly contribute to
renewable energy accommodation and meet the corporate demand for gree\pavecargue
in Recommendation #5t is alsousefulfor Guangdongnd its neighbor® developntegrated
wholesale markets ghat projects are developed where it is most econtamdo sglooking
acrosgrovinces. Through the use of market forces and RPS, Guangdong can change its
generation mix while optimizing the system to provide adequate electricibgiaeffective
prices.
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Appendixl-A: Reporting/Estimating Generat@peratingCosts

The two examples of reported costs mentioned
example and estimation of reference costs in RTO/ISO markets. This appenddes a

general overview of the kinds of costs uge®TO/ISO reference cosspur suant t o FER
Uniform System of Accounts)

The details can be fairly complex. For example, one 1ISO, PJM, maintainspad@8nanual on
ACost Devel op nmdiohtsets®ut refibrerice leve sost calculation methodologies in
detail® Here we offer an overview of key cost input categories that are typically reported by, or
calculated on behalf of, generating uriits.

Net heat rate curve:A net heatrateistheemeggy cont ent of a t her mal g €
(e.g., in China in grams coal equivalent, or gce) divided by its net power output (e.g., it MW).
Net heat rates vary with a unitods | evel of ne

otherwords a net heat rate curve shows a generatol
output. Net heat rates are often reported per unit energy (MWh) rather than powetd(MW).

Fuel price: Fuel prices may be based on a contract delivered price or amedespot market
fuel price plus transport costs. Fuel prices should be on an energy basis (e.g., in Chinain
yuan/kCal termsj°

Variable operating and maintenance (O&M) costsVariable O&M costs include other costs

that vary with output, including necapital expenditures for regular maintenance and the cost of
chemicals, water, and other inputs used in operation. Variable O&M costs are often reported in
output terms (e.g., $/Wh).

Startup cost and neload costs:Startup cost is the cost of fuel, chemicals, water, and other
inputs required to start a generating unit. For steam units, startup costs depend on the condition
of the boiler (hot, warm, cold) and are often reported fasction of cooling time in cost per

start ($/start) terms. Nimwad, or minimum load, costs are the fuel cost required to maintain the
unitéds mini mum -ldad costslare o tollar pet hpur ($/h) tehns.

Emissions rates:An emissions ratesithe average level of emissions (e.g., grams of B0Da

given | evel of net output (e.g., kwWh) or for
output, defining an emissions rate curve. Emissions rates can be calculated from continuous
emissiors monitoring devices or using a fuel emission factor (e.g., gramp&®&Cal of coal)

multiplied by the net heat rate curve.

Emissions price:Emissions prices are the price of tradeable emission permits or fees, in terms
of cost per unit of emissions ¢e. dollars per ton C£). The price of tradeable permits could be
based on a varying publichvailable market price or on a fixed price reported by generators.

36 http://www.pjm.com/~/media/documents/manuals/m15.ashx

SInformation available on the Col orhdgph:wwi*tJ oi nt Di spatchc
static.bouldercolorado.gov/docs/PSCo_Open_Access Transmission-1320if6611041332.pdf

38 Net power output is the gross power produced by the unit minus any power consumedaait tioerpn auxiliary

and pollution control equipment.

3% n this case, the two are equivalent. An energy heat rate assumes a constant power output averaged over one hour.
40Determination of fuel costs for coal fired generation is relatively straightforvztteer resources (like pondage

hydro) have more complex cost determinants, with daily, weekly or longer energy limits.
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Review and approval: The above information is periodically reviewed and approved by the

ISO/RTO, with details varying across | SO/ RTO reg
agreement allows any generator to audit the r
reasonably necessary to verify thEanawitur acyo
turns up inaccurate reporting, then the generator that reported inaccurate information is required

to make up the resulting overpayment or underpayment (if‘any).

FERCO6s Uni f or m SyCGmpanmes subjectAccFERCuUreytladame regired to
maintain their books and records in accordance WiEhR AUnitorm System of Accounts
(USofA) .42

#n the case of a dispute, parties could potentially bring the issue to court. Clearly, China would have to find its

own approach towaiting and penalties, suitable for its own legal system and institutions. It may be better in the
Chinese context to have a government agency responsible for auditing and penalties.

42 An official paper copy of the USofA can be obtained from the U. Se@uwent Printing Office. The telephone

number is 1866:512-1800 (tolHree) or 202512-1800 (in the DC area). Ask for Code of Federal Regulations, Title

18, Conservation of Power and Water Resources, P&@9,1Revised as of April 1 of the current yeHney can

also be purchased online at http://bookstore.gpo.gov/. The accounting requirements for jurisdictional electric
companies, natural gas companies, oil pipeline companies, and centralized service companies are found at Parts 101,
201, 352, and 367espectively.
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AppendixI-B: Types of Ancillary Services Commonly Used in the United States

! |
Regul ati o T Used to mammee ntuhtee di fferen
and resources and to correc
generator outputst RRaverpl Ba
Control Per f or madnOdle SA6#n d ar

Load foll T Foll ow | oad ndbmad arnecseo uroa etdr a@c
hour |l oad fluctuations with
Spinning T Onmtine resources, synchroni Z
out put in response to a gen

reach fwiltithiomtp@tmi nut esé tRE
Power Balancing Cont r ol© Ofler

B A iD 0r8)
f Usually wutilized after a co
1T Generally provides a faster
1T Vari abl emggnémahnaoans nge Wtuitl i
Spinning reserves
Noss pi nnin f Similar in purpose to spinn
reserve can be offline and capabl e
15 minutes of being called
f Usually utilized after a co
Suppl emen T Resources used t o -gpeistmirreg sI
reserve t hei-oaormptriengency status
19 Deployed following a contin

T Response does not need to b
Source:North American Electric Reliability Corporation BERC). 2014.Essential Reliability
Services Task Force: A Concept Paper on Essential Reliability Services that Characterizes Bulk
Power System Reliabiliterinceton, NJ: North American Electric Reliability Corporation.
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AppendixI-C: Example ofTexasElectricity Facts Label

Electricity price

HLA

Average monthly use:
Average price per kilowatt-hour:

500kWh

1,000kWh
®) ,,,,;,,,,(Q,:,\

1,500 kWh
®

Minimum term: (months)

Penalty for early cancellation: ($)

~ Standard format for
prices

See Terms of Service statement for a full listing
of fees, deposit policy, and other terms.

Contract terms and / This product___ Texas average

. s o e o
cancellation fees S e .- .|
— 2 = RS -
RIS 2 N — i
Renewable energy % -
H Other % )
Total 100% 100%

Sources of generation

& B Cubon e
Nitrogen oxides
Emissions
and waste Particulates
W per EWh
.. / generated Sulfur dioxide _
Emissions -
per kWh Nuclear waste

Vi
100% — 200%

Better than Texas average Worse than Texas average

— Rk
i1

(Indexed values; 100=Texas average)

Source: Public Utility Commission of Texas

Pk AR RS 3K

—f\. Comparison of

sources with
statewide average

B R BRR BT o5 E AN
P EIE EE

Comparison of
provider’s emissions

/ with other providers

in the state

AJH Py oAt R 7
fIHRIR LA
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2. Increasing the Local Consumption of Renewable Energy

Key Recommendations

1 Support new business models for demamt supplyside flexibility, through retail tariff
design and expanding access to spot market pricing (recommendations 1 and 2)

1 Develop a spot market for the Northeast region, based on emerging regional markets

(recommendation 4)

Create a pilot for heat tariff reforms in new residential buildings (recommendation 3)

Encourage coordination of losigrm energy planning across different government

agencies and sectgrecommendation 7)

= =4

Pilot Background

Jilin has beewery successful in encouraging the development of wind power. However, this
success has been accompanied by a rapid rise in provincial wind energy curtailment. Wind
curtailment rose from 15% in 2014 to more than 30% in 2015 and*3@&lkey driver of wind
curtailment in Jilin is the use of inflexible combined heat and power (CHP) plants to provide heat
during the winter, which limits the amount of wind power that the electricity grid can absorb.

Jilind kocal Consumption of RenewabEnergy pilot seeks teduceprovincialwind

curtailmentthrough a series of measures focused on making the préveicee | ect ri ci ty a
heatingsectoramore flexible to accommodate wind generatibhe pilot has goal of reducing

curtailment by 1 terawghour (TWh) per year during the "t Five-Year Planning periad

More specifically, he pilot includes seven measures: (1) electric heating with wind power; (2)
flexibility retrofits for thermal units; (3) substitutiarf thermal generation with wind gera¢ion;

(4) expansion of electric heating pilots; (5) direct purchases of wind for large customers; (6)
renewable energy microgrids; (7) hydrogen production from wind pwer.

In addition, several other central, regional, and provincial initiativeswillinfe nce t he pi |l o
success. These include: (i) the Northeast regional ancillary services (A/S) market, in which wind

and nuclear generators pay coal generators to reduce their output below a cert&irilevel;

regional spot market pilots for renewablelgy organized by State Grid Corporation, where
renewabl e generators can sell HAincremental 0 e
provinces; (iii) central government minimum operating hour mandates for wind and solar

generators, as well as prouial efforts to implement these guarantees; (iv) a retail electricity

market pilot in Jilin, similar to the Guangdong pilot; and (v) ongoing heat tariff reforms in Jilin.

4 Data are fromth&lat i onal Ener gy A dWiidintercdnmectioniandrOpesatigh NE A S s )

' ) series.
4 These seven elements are from the Jilin Energy Brsau pr esent ati on during the Octo
original pilotproposal included two additional measures: optimizing energy structure and improving opemnations (

) and increasing export capability from resourich regions¢ = P
Mz Z ). See Jilin Energy Bureadilin Provincial Plan for Local Consuption of Renewable Energy
Pilot (, TP ), 2016,
http://www.ndrc.gov.cn/zcfb/zcfbtz/201604/W020160411375906107931.pdf
®This fAancill ary sselynesembiesan imbaanck edispatom maeket thanavhat would be

commonly thought of as an A/S market in the United States.
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High levels of wind curtailment in Jilin are a symptom of several economic and ratodi
chall enges within the provinceds energy s
strategies, as recognized in the design o

Specific Recommendations

Our recommendens focus on the importance of price reform and-Bated planning to: (a)
increase local consumption of renewable enelapa{ consumptiopand(b) make more efficient
use of renewable energy across Northern Chiegignal consumption.

We recommendeven main actions, categorized as to whether they focus on local or regional
consumption of renewable energy:

1) Investigate new designs for retail electric tariffs that create business models for electric
heating and other flexible electric loadiscal cansumption;

2) Enable larger electric heating loads and CHP plants to participate in spot madadts (
consumptiod

3) Implement a heat tariff reform pilot for new residential buildiigsdl consumptio)

4) Encourage more efficient use of renewable enenglysharing of renewable energy costs
by strengthening thenplemenatonof Chi na 6 s e xofretewanlg syst em
accommodation goalnd supporting the recently announced credit system for renewable
energy(local consumptio)

5) Develop a regional spot matkiat creates incentives for efficient use of wind energy
(regional consumption

6) Institutionalize renewable resource and transmission planning tools and broader
processes that enable efficient expansion of renewable energy and transmission systems
(regional consumptio))

7) Develop a longerm, crosssector energy planning process to coordinate across different
government agencies and sectéosdl consumption

The remainder of this section describes each of these recommendations in greater detail.

Investigate new designs for retail electricity tariffs that create business models for electric
heating and other flexible electric load§Recommendation 1)

Shifting electric loads to better match the timing of wind generation can reduce wind
curtailmentWithout incentives, customers are unlikely to invest in technologies that enable this
greater flexibility and responsiveness in electricity dentanelectric water heating, electric

space heating, electric vehicles (EVs), distributed generation, cussmliadratteries. New retalil

tariff designs can help to provide incentives, by creating business models for new technology
manufacturers and retail customers. In addition to load shifting that reduces wind and solar
curtailment, new retail tariff designs calso encourage more demand respgb$).
Recommendation 4 for the Jiangsu and Shanghai DR pilots discusses design of retail tariff that
enables DR.

In the United States, states with rising penetrations of wind and solar generation are beginning to
explore new retail tariff designs. These new designs aim to increase the flexibility of demand, by
expanding the number of customers that have access tofiose (TOU) pricing and the
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granularity of TOU prices. For instance, California plans to transiticutiaty customers to
TOU prices by 2018¢ California is also considering greater seasonal and hourly differentiation
in TOU pricing to better match demand and underlying hourly costs, which are increasingly

influenced by solar generatioRigurel).

WEEKDAYS WEEKENDS

midnight 2am  4am &am 8am 10am noon 2pm 4pm épm  8pm IOFm‘
+ + + —t—
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Figure 1. California independentsystemoperator (CAISO) proposal for seasonal TOU

tariffs in California 4’

Other states are cddsring more significant changes in retail tariffs that more closely align with
the marginal costs of the electricity system. For instance, as part of its Reforming the Energy
Vision (REV) proceeding, New York is exploring an -optthreepart retail taiff that balances
marginal cosbased prices with cost recovery for grid infrastruct@ia. principle, prices that

are based on marginal costs provide the most economically efficient signal for investments in
demaneside flexibility. However, marginal costased electricity prices tend to be volatile and
mited abil.

hi storically customers

have
technologies are now beginning to enable greater price response.

had |

These proposed retail tariff designs have not yet lImeplemented, and thus their effectiveness
and efficiency is still uncertaifor instance, it is not clear how much time differentiation in
TOU prices would be needed to align TOU prices with wind generadimwever, changes in
retail tariffs can, in pnciple, be a lowcost, lowrisk means of increasing electricity system
flexibility because they do not require additional investment, can be designed around predictable
times of wind or solar generation, and can be structured to better target custaitneas thake

use of them through ot designs.

Jilin currently has traditional epeak and offpeak pricing for industrial customers and
residential electric heating in single family homes. Building on these tariffs, we recommend that

%AUtiIilityo here refers to

compani es

Asof2017 most electricity customers
utilities. For mor e on Cép//inwiwocpun.caaCenemleatpe?idd121bd4arr i f f

n Cal

whose

ret ail

i fornia st

prices:c
il r
ref ol

Figure is from CPAof-lBORate Pdviiads with Grid Gonditions &aximizes Use of Renewable
E n e r lottys;/Mww.caiso.com/Documents/MatchingTimeOfUsePeriodsWithGridCondHi@stFacts. pdf

“®Thisthreepart dAfull valueo tariff i
and distribution (T&D) system costs ($/kWéar), and anarginal cosbased charge that includes hourly market
costs and estimated marginal costs for T&D. For more on this tariff, see Energy and Environmental Economics,

2 0 1 BuJl Vaiue Tariff Design and Retail Rate Choiced

ncl

udes

a

cust omer

http://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefld=%7BA0BF2EAP-4EDO-AE6D-

D7E38F8D655D%7D
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Jilin explore expared access amiew designgor retail tariffs, in order to create business
models for investments in demasidle flexibility.

In the near term, we recommend thie&emental steps to increase demaittk flexibility

through changes in regulated retailiffs: (1) expandingrfOU pricing toall residential and small
commercial customers, perhaps initially on aniogiasis; (2) exploring seasonal TOU pricing
that better aligns with periods of high wind curtailment, in addition to peak generation capacity
needs; and (3) coupling retail tariff reforms with identification and encouragement of flexible
load technologies, such as electric heating and cooling.

In the longer term, we recommend more significant changes to encourage dadeand

flexibility: (1) more closely linkingegulatedetail pricing tospotmarket pricesto better match
pricing with grid conditions(2) shifting towardorices that encourage efficient use of
transmission and distribution systerasd (3) continuing to encourage the develeptof

different kirds of demand response and energy storage technologies that enable greater load
flexibility.

Enable larger electric heating loads and CHP plants to participate in spot markets
(Recommendation 2)

The inflexibility of CHP plants thaguppl heat in the winteis animportantdriver of wind
curtailmentin Jilin.*® Electric boilers and electric heat pumps can increase electricity system
flexibility during the heating season, but are generally an expensive way to supply heat. Heat
storage camicrease CHP plant flexibility, but investments in heat storage require a sustainable
business model. Spot market pricas encourage CHP plantseafficiently adjust electric output

in response telectricitysystem conditionsandcan encourage efficiemvesinentsin heat
storageelectric boilersand electric heat pumpsr balancing

In Jilin, electric boilers that are supplying heat to the district heating network are currently
required to buy electricity at retail, rather than wholesale, priRestive to revenues from
selling heat, these retail prices are currently too high for electric boilers to recover their costs.

Figure2 shows breakeven electricityipesd the average electricity price required for electric
boilers to recover their cosds for electric boilers, at different prices for heat (yuan per
gigajoule) and with different utilization hours for the boiler (see Appehely. Even at very
high boiler utilization,averagebreakeven electricity prices will likely be less than 0.10
yuan/kwh.

4 During the winter, CHP plants generate electricity &stay pr oduct 06 t o heat. This fixed
CHP plants crowds out wind generation.
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Figure2 suggests that electric boilers will only be eeffective if: (1) electricity prices are very

low, such as during periods of wind curtailment when spot prices will be zero or negative; or (2)
heat or emissions prices are much higher, which could be the case if air quality regulations were
to lead to restrictions on umgj coal to generate heat. If heat prices continue to be at current

levels, the most economic use of electric boilers and heat pumps is in reducing wind and solar
curtailment during a limited number of hours per year (1, in the above two conditions). By
revealing when these hours occur, spot market prices can provide signals to guide efficient
investments in electric boilers and heat pumps used for balancing wind and solar generation. The
size and number of electric boilers and heat pumps that will beféestive for balancing wind

and solar generation will be relatively small.

The United States does not have a |l arge distr
provide a better illustration of how spot market prices can guide investments in, and the

operation of, electric boilers, heat pumps, and heat storage. In Denmark, electric boilers and heat
storage are installed at the CHP facility. Sp
how much heat storage and electric boiler capacity to trmveand how to optimally operate

heat storage, electric boilers, and the CHP plant. When prices are high, CHP plants increase their
electric and heat output, storing excess heat in heat storage. When prices are low, CHP plants
reduce their electricity ahheat output, use heat from heat storage to meet their heating loads,

and those that have electric boilers buy electricity from the market to run their boilers. Minimum
generation levels for CHP units in Denmark can be as low as 10% of nameplate capacity.
Appendixll-B provides details on &nhishexperience.

In Jilin, the Northeast A/S market and State &@rnidanized regional spot market for renewable
energy are currently the two markets that could generaterstmowholesale market prices. We

28



recommend tat Jilin advocate enabling electric boilers, heat pumps, and CHP plants in the
district heating system to participate in these existing markets and in future spot markets.

In the near term, we recommend two incremental steps: (1) that the central gavecreate a
regulatory framework similar to the existing framework for electricity storay@ that

enables generataide electric boilerandheat pumps to participate in the Northeast A/S market;
and (2) that Jilin agencies engage with CHP plant asvizehelp them evaluate investment and
operational strategies in the Northeast A/S market and future electricity markets, including the
costeffectiveness of heat storage and electric boiler investments and the economics of reducing
minimum generation leve for CHP units.

In the longer term, we recommend that evolving market designs enable dsioeand

participation, and consider the market ridegor instance, rules around ssitheduling and

price floor$'d needed to encourage flexible operations by @HIRts. Rules that facilitate
demandside participation in electricity markets will also enable demand response more broadly.

Encourage more efficient use of renewable energy and sharing of renewable energy costs
by strengthening theimplementationof Chi nads e x iofsgnéewalde sy st em
accommodation goalsand supporting the recently announced credit system for renewable
energy (Recommendation 4)

Chi nads n-iatanffdRhTadolicyf far erewable energy has been very successful in
encouraging growth in renewable generation capacity and the development of a renewable
energy industry. However, going forward the policy megas to support the continued
development of renewable energy in Jilin, and in China more broadly, are unclear. Two critical,
interrelated questions are how to encourage efficient use of renewable energy and how to fairly
allocate its costs.

In the UnitedStates, a combination of mandatory state renewable portfolio standards (RPS),
voluntary markets for renewable energy, and regional markets for electricity have driven the
rapid expansion, cost allocation, and efficient use of renewable energy. In 260@&nali solar
generation accounted for more than 5% of total generation in only 1 state (California); by 2015,
wind and solar accounted for more than 15% of generation in 10 @aese3).>? Currently,

RPS requirements and voluntary markets account for about 60% and 40%, respectively, of new
renewable energy installatiofss.

SONEA,2016Not i ce on Encouraging Storage Participatéon in t|

B O ablzz L M z T b &0 ~ L b ),
http://zfxxgk.nea.gov.cn/auto92/201606/t20160617_ 2267.htm

i Seslctfhedul i ngdo occurs when generators or their schedul
system operator spot nhkat, typically meaning that the generator is a price taker. This practice can limit system
operatorsdé ability to economically dispatch the system.

bidding, by making selécheduled generators pay #ystem operator to remain online when prices are negative.

52These ten states include California, Colorado, lowa, Idaho, Kansas, MiniésdtaDakota, Oklahoma, South

Dakota, and Vermont.

B¥See, for example, National Renewabl e Energy Laborator)
http://www.nrel.gov/analysis/greguower.htm|
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Figure 3. Share ofrenewablegeneration in total generation by U.S.State, 200020154

Both RPS requirements and voluntary markets provide incentives for efficient use of wind and
solar generation. RPS targets create a cost for wind and solar energy curtailment: the cost of
procuring more renewable energy to replace dadaenewable energy and avoid

noncompliance penalties. Additionally, contracts within both RPS programs and voluntary
markets typically contain terms that allocate the costs of curtailment and provide incentives for
efficient use. Regional electricity mi@ts have played a role in supporting RPS standards and
voluntary markets, as discussed in the next recommendation.

Increasingly, renewable energy procurement in the United States is being driven by the declining
costs of renewable generation technologres instance, asigure4 shows, the average price of
utility-scale solar PV power purchase agreements (PPAS) in the United States fell from around
$140/MWh (1.0 yuan/kWh) in early 2010 to less than $40/MWh (0.3 kW) in early 2017.

Prices for new wind PPAs in some regions are below the fuel cost of natural gas generation,
indicating that it is cheaper to build new wind generation to supply energy and use existing gas
generation as a backup capacity resource. rEkiisction in costs is expected to limit the

consumer impacts of state RPS and greenhouse gas (GHG) emission reduction goals. For

54 Data are from Energy Information Administra o n  (N& Gekérationy State by Type of Producer by
Energy Source bttps://www.eia.gov/electricity/data/state/annual_generation_state.xls
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instance, in California meeting over 70% of total electricity sales with renewable energy in 2030
is expected to increase totéctricity costs by around 39%.
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Figure 4. PPA price trends for utility -scale PV andwind in the United States, 2008017

(Bubble Size Indicates PPA Capacity, in MWA®

In addition to the FIT, China already has provincial tarf@taonhydro renewable energy,
though they are nehinding. The NDRC, Ministry of Finance, and NEA also recently developed

the regulatory framework for a system of renewable energy credits (RB@s)recommend

building on these existing institutions topdore options for moving beyond the FIT as the main

driver of renewable energy development.

In the nearer term, we recommend that the central government continue to explore options for
transitioning from a FIT to a mandatory quantigsed support mechiam for renewable energy

with strict enforcement. The setting of provincial quotas could consider options for encouraging

renewable resource poor provinces to procure at least some of their quota from renewable

resource rich provinces. We recommend tHat Jdiork with the NDRC to support the

development of a voluntary market for renewable energy, identifying corporate champions to

help expand and support the market. Both mechanisms would use competitive procurement and

55 This increase iosts is relative to a baseline scenario where renewable energy accountstifirdonfe
Californiabds total electricity
2 0 1 Prelimifiary RESOLVE Modeling Results for lgi@ted Resource Planning at the CRU&Z
http//www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIindustries/Energy/EnergyPrograms/ElectPow

sal es. Il ncrement al

erProcurementGeneration/irp/17/CPUC IRP_Preliminary RESOLVE Results0ZalY final.pdf Baseline

costs are from E3, 2014, Investigating a Higher Rentsdportfolio Standard in California,

https://www.ethree.com/wpontent/uploads/2017/01/E3_Final RPS_Report 2014 01 06_ExecutiveSummary

1.pdf
56 Figure is from Lawrence Berkeley National Laboratory.

5" NDRC, MoF, and NEA, 201MNotice on Pilot Implementation of a System for Issuance and Vo

Procurement of Green Power Certificaiésc TP
), http://www.nea.gov.cn/201@2/06/c_136035626.htm
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http://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/17/CPUC_IRP_Preliminary_RESOLVE_Results_2017-07-19_final.pdf
https://www.ethree.com/wp-content/uploads/2017/01/E3_Final_RPS_Report_2014_01_06_ExecutiveSummary-1.pdf
https://www.ethree.com/wp-content/uploads/2017/01/E3_Final_RPS_Report_2014_01_06_ExecutiveSummary-1.pdf
http://www.nea.gov.cn/2017-02/06/c_136035626.htm

contracts as a strategy for reducregewable energy costs and making more efficient use of
renewable energy.

In the longeiterm, we recommend harmonizing support policies for renewable energy with

Chi nabds eJsapangtiradegro@dm. At higher penetrations of wind and solar
generatio, emissions pricing may be a more efficient approach to supporting renewable energy,
by reducing the high frequency of negative pricing.

Develop a regional spot market that creates incentives for efficient use of wind energy
(Recommendation 5)

One of tle most robust conclusions from the growing body of research on renewable energy is
the potential for improved regional coordination among system operators to reduce the costs of
integrating higher penetrations of wind and solar generatiBrpanding the gographic area

over which wind and solar generation are balanced tends to reduce their variability, reduce their
forecast error, and increase the available pool of hydro and thermal generation for balancing. The
result is lower wind and solar energy curtant and lower total electricity costs.

In the United States, regional spot markets have enabled states with relatively small electricity
systems to achieve larger penetrations of wind generation. For instance, in lowa, Kansas, and
South Dakota wind genation exceeds 20% of total statewide generation, despite the fact that
these states have relatively small populations and RSadidities in all three states are part of a
regional transmission organization (RTO), which allows wind generation to bieetfyc

balanced across the larger RTO region rather than just within the state. Wind curtailment in U.S.
in%(gpendent system operator markets is 5% or less of total potential wind gené&iigtioa (

5).

58 See, for examplévlichaelMilligan and Brendan Kirby, 201@mpact of Balancing Areas Size, Obligation

Sharing, and Ramping Capability on Wind Integratibttp://www.nrel.gov/docs/fy070sti/41809.pGE Energy
2010,Western Wind and Solar Integration Study: Executive Summary
http://www.nrel.gov/docs/fy100sti/47781.pdEnerNex Corporation, 201Eastern Wind Integration and

Transmission Study: Executive Summary and Project Overvigw/www.nrel.gov/docs/fy110stii86.pdf

Energy and Environmental Economi@914,Investigating a Higher Renewable Portfolio Standard in California
https://ethree.com/documents/E3_FinalSRReport 2014 01 06_with_appendices.pdf

Data are from Ener gy | nfNerQueretationhy StatelbnmType ofRradwcerbyon ( EI A)
Energy Source bttps:/www.eia.gov/electricity/data/state/annual_generation_state.x|s

60 Among independent system operators, the Midcontinent Independent System Operator (MISO) had the highest
level of estimated wind curtailment in 2015, at 5.4%. See U.S. Department of E2@t§y2015 Wind

Technologies Market Repoltttps://emp.Ibl.gov/sites/all/files/20Gindtechreport.final _.pdf
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For regions that are not part of an RTO, such as the Weédtgied States, the potential benefits

of regional balancing of wind and solar generation have led to the creation and expansion of
regional markets. The Western energy imbalance market (EIM) was created in 2014 to improve
regional dispatch efficiency andome efficiently use wind and solar generation. Utilities in
Colorado and Wyoming are currently considering joining the Southwest Power Pool (SPP), in
part to better integrate higher penetrations of wind generation.

In Northeast China, the A/S market andt8tGridorganized regional renewable spot market

trades are potential precursors to a regional spot market in the Northeast. The Northeast A/S
enables wind and nuclear generators to pay coal generators for providing additional economic
and physical flexility. The State Grid regional renewable spot market allows provinces within a
region to determine a price for surplus wind energy that can be exported to neighboring
provinces. These initiatives mirror some of the function of a regional spot markeglilyngn

regional economic dispatch that lowers overall operating costs for the region. We recommend
that the central government support these efforts in the near term, transitioning them into a single
regional spot market over the longer term.

In the neaterm, we recommend incremental steps to expand the volume and transparency of

trading in the Northeast A/S market, including: (1) formalizing market institutions in publicly
avail able fApractical manual 0 doc pmoedute2t hat d
making dataon market resultpublicly available; and (3) increasing thetput range ovewhich

coal generators can bid into the market to reduce their output.

61 Wind curtailment percentages are percent of potential gemeration; data are from the U.S. Department of

Energy, 20162015 Wind Technologies Market Repditps://emp.Ibl.gov/sites/all/files/2015

windtechreport.final_.pdMWind penetration percentages are the percent of wind generation in total net generation;

data on wind penetration percentages are from various system operator reports.

2For an example, see the CAlI SO6s business practice mani
https://www.caiso.com/rules/Pages/BusinessPracticeManuals/Default.aspx
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In the longer term, we recommend transitioning the Northeast A/S marketreawlable

generation spot market trades into a single regional spot market. The market design principles
and approaches described in the Guangdong pilot recommendations can also inform the design
of a regional spot market in the Northeast.

Institutionalize renewable resource and transmission planning tools and processes that
enable efficient expansion of renewable energy and transmission systems
(Recommendation 6)

In China and the United States, the highest quality renewable resources are often lotratad far
load centers. This correlation between resource quality and distance from load centers creates
economic tradeoffs among renewable resource costs, transmission costs to deliver renewable
electricity to loads, and the cost of integrating renewable ggaeronto the grid. Finding least

cost solutions to these tradeoffs is requiring innovations in planning, and particularly in regional
transmission planning.

In the United States, transmission planning was historically oriented around physical reliability
standards. Federal regulation now requires transmission providers to participate in a regional
planning process that evaluates regional transmission investments on the basis of economic and
public policy benefits, in addition to reliabiliff. This region&planning process must also have a
robust method and clear rules for allocating transmission costs among transmission providers,
often across state boundaries. Allocation methods are based on quantitative analysis.

Broadening the scope for evaluatingsmission investments has required RTOs and other
transmission providers to incorporate scerrased forecasts of renewable energy development

into their transmission planning. These forecasts generally attempt to identify renewable resource
portfolios hat have the lowest combined resource and transmission costs, and identify
transmission investments that are robust across different scenarios and support renewable energy
development goals. Examples includ@nsmission Economic Assessment Methodology

(TEAM) used by CAISQMulti Value Project (MVP) portfolio analysis used by MISO.

Thelh i t e d in&easirglg soghisticated wholesale markets should not overshadow the role
of long-term, coordinated planning in renewable generation and transmission iemedttarket
prices facilitate valuation of new renewable energy projects and allocation of costs and benefits
across multiple regions, but investment decisions are still often made througkrienglanning
processes. In these processes, models areusfgehto simulate market outcomes.

In China, geographic discrepancies between resources and loads have been reconciled, in part, by
building longdistance high voltage transmission lines to connect renewable resource zones in
renewablerich provinces to lad centers in eastern and southern provinces. During thEi&

Year Plan (2012020), however, the NDRC and NEA shifted emphasis to support renewable
resource development closer to load centers. We recommend that, &8 BineBear Plan

evolves, te NDRC and NEA encourage transmission planners to adopt economic analysis tools

83 FERC, 2011 Transmission Planning and Cost Allocation by Transmission Owning and Operating Public
Utilities, Order 1000https://www.ferc.gov/whatsew/commmeet/2011/07211146.pdf.

84 For CAISO, sedttps//www.caiso.com/Documents/TransmissionEconomicAssessmentMethodolqdgmpdf
MISO, seéhttps://www.misoenergy.org/Planning/TransmissionExpansionPlgfifages/MVPAnalysis.aspx

34


https://www.ferc.gov/whats-new/comm-meet/2011/072111/E-6.pdf
https://www.caiso.com/Documents/TransmissionEconomicAssessmentMethodology.pdf
https://www.misoenergy.org/Planning/TransmissionExpansionPlanning/Pages/MVPAnalysis.aspx

that support a balance between local renewable resource development adidtbonge
transmission, and that are consistent with anticipated market designs.

In the near termye recommend incorporating and institutionalizing economic modeling into
transmission planning through the use of dmstefit assessments for interprovincial

transmission lines. This modeling could be done in existing planning processes (e-yedtive
Plans). Before spot market pricing exists, economic optimization modeling could be based on
estimated generator costs. Using economic optimization models to assess the value of
transmission lines will be approximately consistent with wholesale market ceg€oRiore
institutionalized use of economic models in transmission planning could build on the significant
improvements in modeling capacity in China in recent years.

In the longer term, we recommend adopting more formal regional transmission planning
processes and harmonizing these with the development of regional spot rA%Fkets. both a
modeling and an operational perspective, harmonization implies fewer barriers to power
exchange across provinces. The combination of economic analysis in transmiasmmgp a

regional scope for planning, and lower barriers to exchange between provinces and regions will
tend to favor more efficient use of the existing transmission network, a more optimal balance
between lower and higher voltage transmission exparsimhnetworkto-network rather than
point-to-point transmission. This combination will also help to strike a better balance between
the development of higher and lower quality renewable resources and the transmission
investments needed to deliver them.

Implement a heat tariff reform pilot for new residential buildings (Recommendation 3)

Space heat for most buildings in Jilin appears to be supplied and paid for on the basis of floor
area rather than useontrollable metered demand. Additionally, prices for heat do not fully
reflect supply costs, particularly coal and pollution control cossgAificant portion ofgrowth

in heat demandah Jilin has been met with new CHP units that are neealedpplyheat but not
electricity, whichhasfurther exacerbatewind curtailment. Shifting to consumptidrased, cost
reflective tariffs for space heating codse wind curtailment challges by reducing demand

for heatandcreatingbusiness models f@aiternative fon-steam technologies

District heating reforms have been ongoing in Jilin and throughout China since the early 2000s.

Heat pricingreform continues to be a priority for the Jilin provincial governniékey

challenges include tariff design, customer acceptarajnteragency coordination. Tariff

design and customer acceptance challenges stem, in part, from thamtwtiaracteristics of

most conditioned buildings in Jilin. Heat transfer throughout buildings creates cost allocation
challenges; a customer drettop floor, for instance, may have very low heat bills because they

are Aconsumingo heat transferred from a custo

85 Optimal capacity expansion models can be used to develop resource portfolios and assess transmission capacity

value. Production simulation models can be used to assess energy (congestion mitigation) value and flexibility

(reducel wind and solar curtailment) value.

56 |deally, these regional spot markets would also have efficient congestion pricing.

For instance, heat tariff r ef lmplementatiosn Gydalines ondPfomdtitge Ji | i 1
Price Mechanism Refo (6 E L ).
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challenges stem from the fragmented nature of policy and planning for district heaticty, whi
involves a mix of different provincial and municipal agencies and corporations.

In the near term, we recommend that Jilin develop a pilot for new heat tariffs and heat metering
in new buildings, with different options for metering (e.g., building oividdal apartment),
thermostat control, and pricing (e.g., cost allocation factorsp@vbprices) to gauge

effectiveness, feasibility, and customer acceptance. As part of these efforts, we recommend
exploring technologies and tariff options for retiean heating options (e.g., electric heat

pumps, electric hydronic heating, ground source heat pumps) in new buildings. This pilot could
be in partnership with universities, for research purposes, and could ultimately be national in
scope.

In the longer termye recommend transitioning to consumptlmsed, costeflective heat tariffs
for all customers, consi st en ttermyildisicaninforenthd i | 1 n
longerterm transition to this goal.

Develop a longterm energy planning process to coordinate across different government
agencies and sectorRecommendation 7)

Historically, energy policy and regulation in both China and the United States has been siloed

within different government agencies, according to a mix ofteses$ and eargy sources:

electricity, industry, building heating, and transportation. As the energy sector becomes

increasingly interconnected, the lack of a more coordinated approach to energy management has
begun to affect the sectenapaformaneer al | economic

In the United States, where states have significant jurisdiction over energy policy and regulation,
growing interlinkages between traditionally siloed energy sectors are encouraging the
development of statewide, muéigency planning pcesses. These lowgrm planning processes
provide a forum for different state agencies to create dialogue, develop a shared vision of the
future, and coordinate poli&f.For instance, in California the Energy Principals Group serves as

aforumforthestt eé6s air quality, energy, and water r
strategies and interagency c-teomrgeaenasegas n f or m
(GHG) emission reduction goals. The Energy Pr

guantitative analysis.

In Jilin, air quality, GHG emission reductions, and electribiéat sector interactions are likely

to be the principal drivers behind the need for greater interagency coordination. Meeting long
term air quality and GHG emissioaduction goals will likely require a significant amount of

fuel switching, as will also be the case in the United Stat& recommend that different Jilin
agencies that are responsible for electricity, building energy, transportation energy, aiy quality
and water resources develop an interagency-ierrg planning process, such as through a

working group. This process could help to: 1) develop a shared understanding of environmental
goals, policies, and regulations, and 2) create consensus arounddgglpathways, costs and

cost allocation, and strategies for interagency policy coordination.

88 For an overview of state energy planning efforts,tg&®//www.naseo.org/stateenergyplans

®See, for instance, Californiat6s 2017 fAScoping Planodo f
https://www.arb.ca.gov/cc/scopingplan/2030sp_pp_final.pdiNew Yor kés 2015 State Energy
https://energyplan.ny.gov/Pla@&/15.aspx
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Appendixll-A: Economics of WinePowered Electric Boilers

The breakeven electricity price for electric boilers is the maximum electricity price (yuan/kWh)
at which the boiler can recover its costs. This breakeven price is mainly a function of four
factors:

1) the Awhol esaled price at which the boiler
2) electric boiler costs (yuan/kW);

3) the efficiency of the boiler (% and

4) the annuboperating hours (annual utilization) of the electric boiler.

At lower wholesale heat prices, higher boiler costs, lower efficiency, and lower annual operating
hours, the electric boiler requires lower electricity prices to break even.

The below figureliustrates this relationship for different wholesale heat price and different
operating hour assumptions, assuming a 95% efficient boiler with a cost of 170 yUaff&kV.
instance, at a heat price of 30 yuan/GJ and a utilization of 3,000 hours per ydact@mboiler
would need amverageelectricity price of 0.09 yuan/kWh to break even. For an electric boiler
that consumes 5% of its electricity-peak at a price of 0.40 yuan/kWh, this implies anpaffk
price of 0.08 yuan/kWh.
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0 This assumes that the only heating losses that must be recovered through the wholesale heating price are the boiler
losses. If the boiler is also responsible for a portion of heating network losses (e.g., connection from facility to

district heating network), the efficiency term would be lower, and the breakeven electricity price would be higher.

P The calculations below also assume financing of 5 years at 7% interest for the boilers, for an annual cost of 41
yuan/kWhyr.
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This breakeven electricity price is far below current retail prices in China. Increasing wholesale
heat prices and boiler utilization do nohflamentally change this outcome. A 95% efficient,

170 yuan/kW electric boiler operating 8,760 hours with a heat price of 40 yuan/GJ has a
breakeven electricity price of 0.13 yuan/kWh. Reducing electric boiler costs would further
increase this breakeven etfiecity price, but only marginally.

This conclusion highlights the fact that, at least in the near term, using electric boilers to
centrally supply heat is likely to be cesffective only forbalancingwind energy. Balancing

here refers to when wind emggris in surplus, relative to its minimum guaranteed or contracted
hours, and its additional generation can be sold at very low prices. The low electricity prices
needed for electric boilers to break even also implies a lower than average transmissson pric
such as a noefirm price.

An alternative use for centratale electric boilers could be as a replacement for standalone coal
boilers, particularly in urban areas. However, the-effsictiveness of using electric boilers to
replace coal boilers shalbe evaluated against other potential options for improving air quality
and replacing coal boilers.

Analytics of Breakeven Costs for Electric Boilers
The technical breakeven cost for a boiler operating on wind power is equal to
0 Q®E ©E aXNQE 6 Qb Ei o
The boilers revenues are from heat energy sales, while its costs include the cost of the electric
boiler, the costs of electricity, and operations and maintenance (O&M) costs
"OQ O 6 Qb € Q6 QT Oa QMO BQD 6 € i 0
The most straightforward way to calculate

Heat salegyuan/kWhe). For each kWh of electric heat input (= 3.6 MJ), heat sales are equal to
heat output, net of efficiency losses, multiplied by a wholesale heat price (yuan/GJ)

... 0% p D&l QOQ@A QOQ
"0Q v 0 '+ < Tt
pht 1T @t OOV

Boiler cost(yuan/kWhe). Boiler cost is the unit cost of the boiler, in yuan/kW, multiplied by a
capital recovery (annualization) factor and divided by the boilers annual ogenatirs
e o . YERE QG Q1 00 Y00 ¢ & OENRE QG Q1 O
0€ 0080 O—— = P~ =T
0NQi 0O I 0NQi OOe I

Electricity cost (yuan/kWh). On a per kWh basis, electricity cost (yuan/kWh) is the average
price of electricity, calculated as a consumptiegighted average across different tiofeuse
price hours

DA QOO B VOV ODRADO D QRO® w

O&M cost(yuan/kwh). O&M costs are generally small relative to the cost of the boiler and are
ignored here.

38



The breakeven average electricity price is thus
p D£i i QIOQWA QWA ¢ 6 W& OE Qa LI o
pht T 1 0N Ql GO TG

I Vo . I8
01 QO QOO Q&0 D IRV
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Appendix IFB: Danish Experiences Using Electricity from Wind for District Heating

The Danish Government has set a target that more than half of the traditional electricity
consunption’? should be supplied by wind power in 2020.the COP 23 in Bonn, the Danish
government committed itself to remove coal completely from power generation byl2QB6.

longer term, this wind expansion can be expected to increase even further a$ et
Government 6s objecti ve tTheirlegratibroévand poiver famdsns i | f
recent years, solar power as well) has involved changes at all levels of the energy system, involving
both technical measures and adaptions of energiets support schemes, taxes, procurement of
system services as well integration with the heat sectors.

Power system development and current status

Over the last 15 years, the annual Danish electricity consumption (including network losses) has
beenquite steady, at roughly 35 TWh per year, with the load varying between 2,100 MW and
6,200 MW. While demand may have remained largely unchanged, the power system in Denmark
has however evolved from one consisting almost solely of-lsegke thermal poweplants, to a
system comprised of a mix of largeale units, smakcale units, autproducers, and wind and

solar units.
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Figure 7. Development in installed power capacity in Denmark (left axis), and total

production (right axis), 19962014
(Danish Energy Agency, 2015a)

"2 The traditional eleicity consumption encompasses the kinds of electricity consumption that exist today, such as
electricity use for lighting and household appliances.-Maditional electricity consumption is the anticipated
electricity consumption for heat pumps and &leasehicles, which will cause the total electricity demand to rise.
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Figure7 illustrates how the growth of wind capacity in Denmark over the last 25 years has largely
come to replace capacity at largeale power plants. In Denmark, all srsdhle, andthe
overwhelming majority of largscale, units are combined heat and power (CHP) plants. In terms
of production,Figure8 below highlights the fact that the last éays have seen wind (and more
recently solar) greatly increase its share of Danish electricity production, largely at the expense of
largecentralizedplants.

50 100%

45 80%

35 \ 1\ 70%
'
'
30 = N 5 B I 50%
v \
%
N I ’
LY f‘

I I 50%

Production (TWh)
u
puBwWw=ap JO aleys

N \
20 ).--""\\ 40
B
- »
- b1 - o
13 -__,.ﬂ [y - 30%
y -
- .- -...- rd
. .-'-.-. P —
i P T - S ———— "h.‘ 20%
- - -
- -—-"*F- ‘--"'-h..
5 - 10%
0 0%

T N I R P TG TG, N S A
F &P F PSS &

Wind Solar
Central = Decentral
=== Wind power's share of demand (%) Solar power's share of demand (%)
= == Central plants share of demand (%) === Decentral plants share of demand (%)

Figure 8. Danish annual electricity production according toproduction type (left axis), and
share of annual demand (right axis)

2016 data was available through to the end of October, and was prorated, thus likely resulting in total wind
production to be under estimated, and solar production overestimated.29dtwas an abnormally good wind
year (roughly 14% more energy in the wind than normal), while 2016 is an abnormally poor wind year (roughly
18% less energy in the wind relative to a normal yéanerginet.dk, 2016a)

Figure8 also clearly illustrates that in years with large electricity exports, such as 2003 and 2006,
it is the large central power plants that provide this additipraduction.

As a result of the above described evolution, the Danish electricity system has in recent years
distinguished itself internationally due to its ability to successfully integrate a growing percentage
of wind and solar production. In 2015, wiehd solar power accounted for 44% of national
electricity demand (wind 42% & Solar 2%), and in numerous hours, a much higher percentage
than this’® In total, here were over 440 hours (ca. 5.0% of the time) during which Danish electricity

73 A larger portion of the wind power is located in the Western part of Denmark, where the share of wind power
relative to electricity demand reached 55% in 2015 compared to 2B#%starn Denmark.
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production from wnd and solar was greater than total electricity demand (for wind alone these
figures were 400, and 4.6% respectively). If one instead focuses on hours when wind and solar
accounted for more than 80% of electricity demand, for Denmark as a whole, in B0ddcthred

in nearly 15% of hours.

Challenges related to flexible RE integration

Generally speaking, due to the fluctuating and intermittent nature of wind and solar power
production, there are three main challenges associated with their integration:

1. Toensure value when it is very windy and/or sunny (In a Chinese context, this would relate
to reducing curtailment).

2. To ensure sufficient production capacity when there is no wind and/or sun. (l.e. wind and
solar power expansion results in it being lessetitre to build base load plants).

3.To balance wind and solar power production
and partly unpredictable production patterns.

Ensuring RE electricityés value is cruci al

If a large part of the produced wind and/olas power electricity is sold at low or negative prices

it reduces the incentive to invest in new wind and solar units. For this reason, it is crucial to ensure
the value of wind and solar, both to maintain its socioeconomic value, and in order toeptieserv
economic foundation for continued intermittent RE power development. The solutions are to
reduce production at other power production units, exporieighboringjurisdictions or to
increase electricity consumption where this is economically ittea&xisting and new electricity
consumption (electricity for heat generation, electric vehicles, etc.) can also assist by not using
electricity during periods of the day when the electricity system is mosinesded.

When these options have been axiad it would be possible to curtail production from some of
the wind and solar units, both for shorter periods consisting of a few minutes, or for longer periods
extending several hours. This is possible for all modern wind and solar units. Excegstelisctr
therefore not a technical problem but rather an economic one, which cainibezedwhen the

rest of the energy system is dynamic. In a future with a large share of wind and solar power, it will
likely be economically beneficial to occasionaltgis some wind and solar units.

Ensuring sufficient production capacity

The challenge of ensuring sufficient production capacity can be dealt with in several ways:
establishing peak generation capacity such as gas turbines, or via a closer integraiowitif gr
neighboringurisdictions Flexible electricity consumption and the activation of emergency power
generators are also interesting possibilities that are, to a certain extent, already in use. The value
of the various alternatives depends in paréicuipon the length of the duration that the strategy

can be used. While certain types of flexible electricity consumption can only provide a solution
for a number of hours with lacking capacity, other possibilities such as peak load plants or
internationalgrid connections can be used over longer periods of time with no wind power
production, which potentially could last for a number of weeks.

Balancing wind power
There is a need for balancing if e.g. the production from wind and/or power falls unprgdictab
either as a result of altered wind or solar conditions, or due to production issues caused by technical
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problems or damage to the production units. The latter also applmségef other production

units or transmission connections. Balancing banachieved either by power plants or by
consumers being prepared to change their production/consumption patterns with relatively short
notice (see the text box below). Gas turbines can be well suited to meet this need, but-also coal

fired power plants ahother productions units, electric boilers, or electrical heat pumps, and other

consumption units can provide balancing services. Increased integrationn&thboring

countri

eso

energy

Solutions to integration challenges

The key to integrating a growing proportion of intermittent renewables is improving the flexibility

systems

can al so

palaocing. d e

of the overall power system. In Denmark, this has largely involved -ptarrged approach:

a) Improving intercoinector capacity & system stability tools

b) Providing actors incentive to become more flexible via price signals in the electricity and

heating markets.

While the primary focus of this memo is on the latter, the Danish interconnector capacity will first

bedescribed briefly below.

Utilization of interconnectors

Danish interconnectors to Germany, and particularly to Norway and Sweden, are very efficient
means of integrating wind power. In practice, the availability of interconnectors (primarily to

Germany) can be limited to due to congestions in internal grid3 enn ma nelglibsring

countries.

Jutland - Norway

Exports: 985 MW

Jutiand - Germany
Imports: 1417 MW

Figure 9. Snapshot of the Danish power system Juné®2015 at 13:17

Jutiand - Sweden
Exports: 735 MW

Power right now
Measured In MW:

Central power stations 667
Local CHP plants 377
Wind turbines

Solar cells

391
89

Net exchange eksport 437

LEGEND

Zealand - Sweden
Exports: 741 MW
N

Zealand - Germany
Imports; 600 MW

Electricity consumption

C02 emissions

4,606
120 g/kWh

v

Bornholm - Sweden
Imports: 8 MW

-

Y

LS

l Last updated 2. Juni 2015 13:17 I

The blue buildings represent central power stations, while wind turbines signify offshore wind farms. Red lines

indicate an AQransmission line and blue lines indicate a DC transmission(Emerginet.dk, 2015a)
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Figure9 displays a snapshot of the current pogygstem in Denmark for a day in June of 2015,
including the use of interconnectors with Norway, Sweden and Gerr@amgently, the total
technical import/export capacity to Norway and Sweden are respectively 1,650/1,700 MW and
1,980/2,440 MW while the figess for Germany are 2,100/2,380 MW. Moreover, Eastern and
Western Denmark are connected via a 600 MW DC connection. In addition, interconnectors are
planned to the Netherlands (700 MW by 2019) and to the UK (1,400 MW by 2022). In addition,
the Danish TSO (&erginet.dk) and the German TSO (TenneT) have agreed to upgrade the
interconnection between Western Denmark and Germany to 2,500 MW in both direB#ions.
2022 Eastern Denmark and Germany will add 400 MW of indirect connected capacity via the
Kriegers Flakproject, which involves the establishment of two offshore wind parks, and an
offshore grid connecting the two parks to one another and to Denmark and Gelasilyy.a
770kilometer subsea HVDC cable with 1400 MW of capacity is being developed to connect
Denmark with the UK by 2022.

System stability tools

In hours where electricity production from wind is greater than electricity demand, it is not enough
to merely have sufficient transmission capacity to export the excess electricity production to
D e n ma melgtibsrs but the security of the system mustoalse maintained. Energinet.dk
recently experienced a day when none of the central power plants were producing electricity, but
because Energinet.dk now has 7 synchronous condeosgirsgroughly 2,100 MVar throughout

the system at its disposal, the gystsecurity was maintained.

Flexibility using prices signals and the integration of heating and cooling in the energy system

Denmark has achieved a highly flexible power system and ability to integrate a high share of
variable energy production from renalle energy sources though a consistent effort to integrate

all parts of the energy system. Today the most important sources of flexibility come from the
ability to vary production on central CHP plants and using thermal storages in district heating
systens . I n recent yearo6s distributed CHP plants
securing balancing of the electric grid through the integration of the electricity and heating sector.
In this integration, the high penetration of district heatiraygla vital role in combination with

the use of electrical heat pumps and electrical boilers. With the Danish plans to increase renewable
energy production even further, balancing needs and flexibility in the energy system will be even
more challenged irhe future, increasing the need for integration of large scale heat pumps, district
cooling, electrical boilers and new storage technologies.

Successive markets allow for amdentivizeincreased flexibility

To organizethe Danish electricity markets, arigs of markets have been established and
electricity is now traded via the Nordic electricity exchange Nord Pool. The markets serve the
needs for both planning and intraday interventiorihas\Nord ol market has been developed in
parallel with the teahical developments and interconnectors between countries. The Danish power
market is divided into a daghead spot market and several regulating and ancillary power markets.
The markets have been introduced gradually and function as illustrétemire10and comprise:
Day-ahead spot market (2005), Regulating power market (2006), Automatic primary reserve
market (2009).
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Intra day Day ahead
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Primary reserves
(frequency controlied
production)

Figure 10. The main dectricity markets in Denmark
(Sorknees, Stram, Tang, & Andersen, 2013)

Flexible power plants

As was outlined above, the high share of wind power that has developed in Denmark over the last
25 years has provided an eagentive for increasing the flexibility of thermal power plants.
From the power plantsd perspective, the high
share of variable wind power generation leads to steep load gradients. It also requstestfast

ups at low cost, and as low minimuwstable generation as possible.

Figurell illustrates the challenge for thermal power plants resulting from increased filoictua

of residual load. In the case of a renewable power shortage (load exceeBgRES ation), there

is an increasing demand for steep positive load gradients on running plants, as well as a need for
fast stardups of hot, warm or cold thermal plantdce versa, steep negative load gradients on
running plants and as low minimum stable generation as possible are required in case of a
renewable power surplus. In between these two cases, rapid fluctuations of residual load require
large positive/negativimad gradients

Power

Rapid fluctuation

— CONnsumption
Production

=3

Time

Figure 11 The flexibility challenge for thermal power plants due to fluctuating

consumption and VRESE production
(Blum & Christiansen, 2013)

Thus, Danish coal power plants that had originally been designed as base load units have been
transformed into some of the most flexible power planthéenWorld Today, load gradients of
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4%Ry/min for coatfired units (9%R/min for gas turbines) are codsred the Danish standard.
The minimum load could be decreased down to 1,0&6f a fast start is possible within less than
1 hour.

Flexible power plants and the district heating system

From a power system perspective, the flexibility of CHP plants andtimctiheating systems play

a very important tool for flexibility. The Danish district heating plagmizetheir bidding into

the power market to ensure lowest possibleconsts for the heat supply when taking power prices
and possibilities for flexiility into account. The use of Storage, multiple production technologies
for each grid, and a wellinctioning market place with clear price signals, as well as the integration
of heating and cooling loads are all important aspects. The accumulateditiyexitine system

is illustrated inFigure12 below.
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Figure 12 Hourly dispatch for the week of August 31st to September 6th, 2015, afidkage

between spot prices and dispatch
(Energinet.dk, 2016b)
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During the week depicted in the figure, large amounts of electricity were imported via the
international connections when wind production was low (blue portinrgddlition, production

from the large primary plants (red) and smaller local plants (yellow) were also higher during these
periods. Meanwhile, when wind production was very high, interconnectors were used to export
(particularly when demand was also lowtire weekend). In addition, both the large primary and
smaller local plants also greatly reduced and/or shut down production during times with large
amounts of wind.

Flexibility from a heating perspective

Most combined heat and power system features om® large CHP units as well as Heat Only
Boilers(HOB) for peakload periodsorbaek p suppl y. Even though HOBS®S
as high efficiencies as a CHP plant they are still an important part of offering flexibility to the
overall system. Corentionally, converting electricity to equal amounts of heat is a bad idea, since
thermal electricity generation is less efficient than heat generation. The possibility to commit a
HOB unit, and consequently reduce electricity production and increasentla@diean more than

offset the loss of efficiency from a systems perspective and, when the opportunity cost of electricity

is zero (wind is being curtailed) free electricity can be made into free heat with the possibility of
efficient and cheap storage, cpaned to electric storage.

Heat storages are commonly large insulated t&
to store hot water. Inontrast to electricity, heat i
an energy form, which can be storage qu
cheaply and for considerable periods of tin
without significant losses. Moreover, th
technology is cheap compared to electri
storage, both in terms of batteries a
establishrent of hydro storage. Heat storages d
be used to decouple the time of heat generatiof
a CHP with the time of consumption. Therefol
when there is need for electricity, the CHP ¢
generate and store heabre than simultaneou
demand. When there idandant wind power, the
CHP can then also be able to curb production si
heat can be supplied from the storage u
Another type of flexibility provided using storag

Consider a CHP unit with the ability to generate (
units of electricity and 0.6 units of heat per unit fuy
input. Having a power generation efficiency of 30
and a heat generation of 60% gives the CHH
combined efficiencyf 90%.

The backup boiler is an older vintage with a he
efficiency of 85%. Which unit should generate neeq
heat in a situation where there is an abundance of \
power from and overall efficiency perspective?

Despite the CHP efficandy,dhe
opportunity value of the power is now zero. Electric
not generated by the CHP is made up by reduq
curtailment.

is the ability for CHP plants with extraction uni
to be able to increase flexibilityithout affecting
heat deliveries.

The district heating and district cooling grids ha
with their large thermal storages for hot and c(
water in combination with large heat pumg

The same quantity of heat and power can be delivg
with about 0.5 less units of fuel pr. unit of heat, lead
to redued fuel costs and emissions. The savings 0(
from the combined interest of the wind and distr|
heating plant owners. Aligning these interests is
key institutional challenge

compressor chers and electric boilersthere

exists roughly 300MW of electrical boilers in the DH grid). From a systems perspective, this gives
the heating and cooling grids the possibility to impact the electricity systesare way a large
battery wouldby soaking up electricity while theripes are low and avoidoasumption when
prices are highThrough the market based pricing system on electricity the need for storage
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capacity will in time be reflected in more fluctuating electricity prices. This should encourage
investors to invest in deand side energy systems including district heating and cooling storages
and heat pumps, as opposed to inflexible solutions.

Power Extraction unit
(MW)

Minimum input
Heat

(MW)
>

In balancing wind power, CHP extraction units can lagther important role. Extraction steam
turbine CHPOs have c on s iheheoutpubdombindtibngas illustrated t y i
in Figure13. Due totheintermittent nature of windnd solarpower production is not perfectly
predictable, and it can therefore be necessary to have reserves available for the unexpected drop
off in generation. One ntleod enabled by the storagethat it ispossible to veryuickly boost

power output by discontinuing heat supply from the plant. This option can reduce the necessity of
having other regulating units online. This is important since each thermal generator brought online
in a power system, increases the combinedimum thermal power output and leaves less
accommodation space for wind and other renewables. The increased flexibility provided through
the storage anfliexible operation of the CHP plaatlowstheheating companies to supply haat

the lowest possibleost by planning operations according to the lowest possibleosebf heat
generation (variable costsninus electricity sales). For production planning purpabesret cost

of generation can be illustrated as a function of power price for eaclotegir-igurel4displays

a comparison of the heat production price from different units, depending on the electricity price.
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lllustrative example. Actual prices will depend on fuel prices, emission prices and taxes and subsidies.

At very low (negative) electricity prices, electric leod offer the cheapest price, since the boiler
can earn money by consuming electricity. As electricity prices rise, it can be cheaper to use first
the more efficient heat pump, and then the turbine bypass on thepl@htP At prices above
approximately 18@KK/MWh, CHP-production is beneficial. If the CHBplant is an extraction

unit, with very high electricity prices, opportunity costs will occur, since the plant could choose to
produce more electricity when omitting heat production thereby increasingenéaa result, at

very high electricity prices, the gas boiler will therefor provide the cheapest option.

Example of a Danish distributed CHP plant

As an illustration of the role of distributed CHP in the flexibility of the energy system the smaller
Skagen plant can serve as an example. It presents technical designs of a flexible energy system in
distributed CHP solutions, which can both balance prtidin and demand and fulfil voltage and
frequency stability requirements of the grid. The following example illustrates how such operation
has already been implemented in a number of plants for the Gagtérs.

The simultaneous operation of the plantldhe market is done in the following sequence: Bids

are given a day ahead on the spot market. Bids for electricity production from the CHP units are
given on the basis of alternative costs of supplying heat from the gas boiler or the electric boiler.
In the calculation of the bids, the heat storage option is carefully considered. The CHP units can
be operated in the regulating power market in the following two ways: If operation in the spot
market is won, a downward regulation can be offered; if notpamard regulation can be offered.

The reverse situation applies for the electric boiler. Additionally, the CHP units can be operated in
the automatic primary reserve market. This is done by bidding the CHP plants into the spot market
at full capacity minud.0 percent. If the bid is won, the same unit can be offered for a plus/minus
10 percent operation in the primary automatic reserve market. The same principle can be applied
to the electric boiler.
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